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its preferences DMTT is enough inexpensive that is
important for elderly people. All above described
Problems of further search of novel methods ficharacteristics make DMTT important and convenient
investigation and perfection of human psycho phy:for domestic use as well as for such professional
ological state, their memory, cognitive functioms a branches as dispatchers, rescuers, scientiststeard.o
important not only for the solution of industria-r
guests of Ukraine (professional abilities, and)etc
but also for the good adaptation of people (esfigcia To develop new device DMTT with the package
elders) and their families. All problems, linkedthvi of program supply for testing and training of human
the memory attracted great attention of investigatcvisual memory on the base of microcontroller AT-
during all ages, and especially in contemporamega32 and AVR Studio environment.
wqud. Memory IS a psychophysplogmal process c Main part. Steps of DMTT and software de-
which a person is able to record information in ow | i
brain (to remember) with aim to act adequatelygjsilye opmen
past experience (actions, emotions, etc.). Infdonat ~ Processes of development of DMTT and software
for memorization is recorded in the cerebral cogex for it were realized into few steps. Here is the se
human brain. Humans with phenomenal memormuence of fulfilled work steps. 1. Developmentiud t
often have very high 1Q. Thus children memorglectrical schemes using applications of personal
training is rather important for their self developcomputer. 2. Implementation of board arrangement
ment. Different branches of human activities artor device. 3. Provision of software support for- mi
closed for people with memory disorders. In mangrocontroller ATmega32. 4. Provision of software
countries of the world the works in these direcionsupport for LCD module.
are provided. Memory damages that may influence As method for development of electrical scheme
negatively at people life quality may be correqtaetd the Proteus application was used. To implement
least partially), especially if to start such cotien in  software support for microcontroller AVR Studio
time. Even this brief list of facts evidences abinat was applied.
importance of development_of new devices, SYSter™ rne overview of AVR ATmega for purpose of
and methods for the perfection of memory function DMTT construction
The search of new methods more effective and i
expensive for ordinary people is in process. The Atmel AVR ATmegas8 is a low-power CMOS
Developments of device and method described 8-bit microcontroller based on the AVR RISC ar-
this article below have to help in solution of merchitecture. By executing powerful instructions in a
tioned problems. Because the most effective isavisisingle clock cycle, the ATmega8 achieves through-
memory, and more then 90 % of our memories gputs approaching 1MIPS per MHz, allowing the
visual, new device for memory testing and traininsystem designer to optimize power consumption
(DMTT) acts through the visual analytic systemnversus processing speed (fig. 1).
DMTT and program supply for it permit us to test The ATmega8 provides the following features: 8
human memory in quantitative values. Besides of afloytes of In-System Programmable Flash with
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Read-While-Write capabilities, 512 bytes of EEtools, including C compilers, macro assemblers,
PROM, 1 Kbyte of SRAM, 23 general purpose I/(program debugger/simulators, In-Circuit Emulators,
lines, 32 general purpose working registers, thrand evaluation kits. It has 32 kb of flash memery,

flexible Timer/Counters with compare modes, inte that is good, because our code program is verglarg
nal and external interrupts, a serial programmable

PDIP

USART, a byte oriented Twowire Serial Interface, a —
6-channel ADC (eight channels in TQFP and Lo Lz 811 PG ABCSCL)
QFN/MLF packages) with 10-bit accuracy, a pro- o) po s 26 Dipca oCa), |
grammable Watchdog Timer with Internal Oscillator, e el 2 b il ey
an SPI serial port, and five software selectablegoo o s e el
saving modes. The Idle mode stops the CPU while i = ARy
allowing the SRAM, Timer/Counters, SPI port, and  pascamoscs eer o 10 8 fy P gacs
interrupt system to continue functioning. The Po- o R ol Pl e S
werdown mode saves the register contents but fseeze (AR} PO C 13 16 J paa (SR0C1E)

. . . . . . (ICPTy PEOLC] 14 15 3 PE1 (OC LAy
the Oscillator, disabling all other chip functioumstil
the next Interrupt or Hardvv_are Resef[. In Power-save Fig. 1. Pinout of ATmega8
mode, the asynchronous timer continues to run, al- o
lowing the user to maintain a timer base whilerés Description of AVR ATmega32

of the device is sleeping. The ADC Noise Reduction Tpe ATmega32 is a low-power CMOS 8-bit mi-

mode stops the CPU and all /O modules excepfycontroller based on the AVR enhanced RISC
asynchronous timer and ADC, to minimize switchingchjtecture. By executing powerful instructionsain
noise during ADC conversions. In Standby mode, ﬂ}ﬁngle clock cycle, the ATmega32 achieves
crystal/resonator Oscillator is running while thestr throughputs approaching 1 MIPS per MHz allowing
of the device is sleeping. This allows very fashe system designer to optimize power consumption
start-up combined with low-power consumption.  yersus processing speed (fig. 2).

The device is manufactured using Atmel's hig"  The AVR core combines a rich instruction set with
density non-volatile memory technology. The Flasgo general purpose working registers. All the 32 re
Program memory can be reprogrammed In-Systjgiers are directly connected to the Arithmetic icog
through an SPI serial interface, by a conventionypjt (ALU), allowing two independent registers te b
non-volatile memory programmer, or by an On-Chigccessed in one single instruction executed in one
boot program running on the AVR core. The botciock cycle. The resulting architecture is moreecod
program can use any interface to download the ¢gfficient while achieving throughputs up to tendsn
plication program in the Application Flash memorysaster than conventional CISC microcontrollers.
Software in the Boot Flash Section will continue t  Tpe ATmega32 provides the following characte-
run while the Application Flash Section is updateiristics: 32K bytes of In-System Programmable Flash
providing true Read-While-Write operation. Byprogram memory with Read-While-Write capabili-
combining an 8-bit RISC CPU with In-Systenties 1024 bytes EEPROM, 2K byte SRAM, 32 gen-
Self-ProgrammabIe Flash on a monolithic Chlp, trera| purpose I/O lines, 32 genera| purpose Working
Atmel ATmega8 is a powerful microcontroller tha registers, a JTAG interface for Boundary-scan’
provides a highly-flexible and cost-effective sant  On-chip Debugging support and programming, three
to many embedded control applications. flexible Timer/Counters with compare modes, In-

The ATmega8 is supported with a full suite oternal and External Interrupts, a serial progranimab
program and system development tools, including USART, a byte oriented Two-wire Serial Interface,
compilers, macro assemblers, program debugcan 8-channel, 10-bit ADC with optional differential
/simulators, In-Circuit Emulators, and evaluatidgts.k input stage with programmable gain (TQFP package

We reviewed the most popular families of a MC. Rionly), a programmable Watchdog Timer with Internal
ally, ATmega series is the newest and more suitable Osc illator, an SPI serial port, and six softwage s
our device. It has a type with 40 pins, more flastmory lectable power saving modes. The Idle mode staps th
and it's reliable. The AVR is a modified Harvard ar CPU while allowing the USART, Two-wire interface,
chitecture machine where program and data is stolA/D Converter, SRAM, Timer/Counters, SPI port, and
in separate physical memory systems that appeaiinterrupt system to continue functioning.
different address spaces, but having the abilitg&ol The Power-down mode saves the register con-tents
data items from program memory using special iibut freezes the Oscillator, disabling all otherpchi
structions. The Atmel AVR ATmega32 is supporte functions until the next External Interrupt or Haede
with a full suite of program and system developme Reset. In Power-save mode, the Asynchronous Timer
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continues to run, allowing the user to maintaimeet ADC, to minimize switching noise during ADC
base while the rest of the device is sleeping. conversions. In Standby mode, the crystal/resonator

The ADC Noise Reduction mode stops the CPOscillator is running while the rest of the devise
and all /O modules except Asynchronous Timer argleeping.

l Data Bus 8-bit
y
Program Status » Interrupt
Flash Program f&—  counter  [*] and Control Unit
Memory
B ko SPI
l Unit
» 32x8
Instruction General i
- Watchdo
Register Purpose R Timer g
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Instruction - 3
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Fig. 2. Functional scheme of MC ATmega32

This allows very fast start-up combined witt The ATmega32 AVR is supported with a full suite
low-power consumption. In Extended Standby mod of program and system development tools includihg:
both the main Oscillator and the Asynchronous Tim compilers, macro assemblers, program debugger
continue to run. The device is manufactured usii/simulators, in-circuit emulators, and evaluatias.k
Atmel’s high density nonvolatile memory technology.

The On-chip ISP Flash allows the program memory
to be reprogrammed in-system through an SPI serial Description is given for pins at fig. 3.
interface, by a conventional nonvolatile memor -
programmerYor by an On-chip Boot program runniné] VCC Digital supply voltage.
on t he AVR core. The boot program can use any GND Ground.
interface to download the application program ia th
Application Flash memory. Soft-ware in the Boot Port A (PA7...PAQ)

Flash section will continue to run while the Applic Port A serves as the analog inputs to the A/D
tion Flash section is updated, providing tru€onverter.

Read-While-Write operation. By combining an 8-bi  Port A also serves as an 8-bit bi-directional 1/0
RISC CPU with In-System Self-Programmable Flasport, if the A/D Converter is not used. Port piag c
on a monolithic chip, the Atmel ATmega32 is iprovide internal pull-up resistors (selected foctea
powerful microcontroller that provides a high-bit). The Port A output buffers have symmetrical
ly-flexible and cost-effective solution to many emdrive characteristics with both high sink and seurc
bedded control applications. capability. When pins PAO to PA7 are used as inputs

Pin Descriptions
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and are externally pulled low, they will sourceremt RESET
if the internal pull-up resistors are activatede Rort

A pins are tri-stated when a reset condition bemﬁ1
active, even if the clock is not running.

Reset Input. A low level on this pin for longeritha
e minimum pulse length will generate a resetpeve
if the clock is not running. Shorter pulses are not

R guaranteed to generate a reset.
(XCK/TO) PBO ] 1 e 40 [0 PAQ (ADCO) XTAL1
(T1) PB1 ] 2 39 O PAT (ADCT)
(INTZ/AIND) PB2 ] 3 38 O PA2 (ADCZ) . . . epe
(Oco/miNT) PB3 O 4 37 3 PA3 (ADC3) Input to the inverting Oscillator amplifier and
o pEs o & e input to the internal clock operating circuit.
(MISO) PBG | 7 34 1 Pas (ADCS)
(SCK) PB7 ] 8 33 [OJ PAT (ADCT) XTAL2
RESET ] 9 32 M AREF
4 . . . . g
aND o] 11 0 B s Output from the inverting Oscillator amplifier.
XTALZ ] 12 29 O PCT¥ (TOSC2)
XTAL1 3 28 [OJ PC& (TOSCT) AVC
(RXD) PDO ] 14 27 & PC5 (TDI)
(TXD) PD1 ] 15 26 1 PC4a (TDO) . .
3 et = B 23 B #oa (s AVCC is the supply voltage pin for Port A and the
(OC1B) PD4 O] 18 s B rot soa) A/D Converter. It should be externally connected to
e e tan sl el e VCC even if the ADC is not used. If the ADC is used
it should be connected to VCC through a low-pass
Fig. 3. Pinout of ATmega32 filter.
Port B (PB7...PBO) AREF

Port B is an 8-bit bi-directional I/O port with in-  AREF is the analog reference pin for the A/D
ternal pull-up resistors (selected for each bif)e T Converter. The high-performance AVR ALU operates
Port B output buffers have symmetrical drive chan direct connection with all the 32 general pugos
racteristics with both high sink and source capgbil working registers. Within a single clock cycle,tlai
As inputs, Port B pins that are externally pulled/| metic operations between general purpose registers
will source current if the pull-up resistors ardi-ac between a register and an immediate are executed. T
vated. The Port B pins are tri-stated when a res&LU operations are divided into three main categpri
condition becomes active, even if the clock is net arithmetic, logical, and bit-functions. Some gl
running. mentations of the architecture also provide a pfwer

Port C (PC7...PCO) multiplier supporting both signed/unsigned multipli

Port C i 8-bit bi-directional 110 i cation and fractional format.

ort C is an 8-bit bi-directiona ort with in- . :

ternal pull-up resistors (selected for epach bipeT  Overview of AVR Studio. AVR C++

Port C output buffers have symmetrical drive chi  AVR Studio is the new integrated development
racteristics with both high sink and source cafigbil environment from Atmel. It provides you a modern
As inputs, Port C pins that are externally pulle?| and powerful environment for doing AVR develop-
will source current if the pull-up resistors ardi-aC ment. All 8-bit and 32-bit microcontrollers are sup

vated. The Port C pins are tri-stated when a r€ported. Let's start by exploring the included exéenp

condition becomes active, even if the clock is niygiacts. Run your solution on a starter or evituat
running. If the JTAG interface is enabled, the udl ;¢ Program and debug your project with the in-

resistors_on pins_PCS (TD I)’.PC3 (TMS) and I:)Ccluded simulator, or use one of the powerful orpchi
e A et peet. " debugging and programming 00 rom Amel.Get
data are entered. prodgctlve with the yarlous .naV|gate, re_factor and
intellisense features in the included editor. Expe-

Port D (PD7...PDO) rience seamless integration with various Atmel WEB
Port D is an 8-bit bi-directional I/O port with in- services like Atmel Video Lounge, Atmel Store and

ternal pull-up resistors (selected for each bifje T datasheets to keep you updated and help you to de-
Port D output buffers have symmetrical drive ch¢Sign your solutions.

racteristics with both high sink and source cajitgbil ~ With strong extension possibilities and online
As inputs, Port D pins that are externally pulled/| gallery, itis possible for both designers and (Zady

will source current if the pull-up resistors ardi-ac to provide plug-ins and customize the environment
vated. The Port D pins are tri-stated when a reder best use and productivity. AVR Studio carried a
condition becomes active, even if the clock is nontegrates the AVR GCC toolchain, AVR Software
running. framework, assembler and simulator. All newest
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Atmel tools are supported including AVR ONE! 1. Begin. Here we initialize ports and variables

JTAGICE, JTAGICE3, STK500, STK600, QT600.(including variable “life=3");

AVRISP mkll and AVR Dragon. 2. Then our program checks variable “life”, if it
C + + was designed to support data abstractinot equal to zero. If it is, our program ends. Ui o

and object-oriented programming in addition to trvariable “life” is not equal to zero, there will be

traditional style of C. However, this does not mezchecked blockl;

that the language demands of any one style of p 3. Blockl. In this block, there will be check ports

gramming from all users. C + + is now considered t|1B and D for a equality. If ports not equal, therr ou

dominant language used for processing developvariable “life” will be decrement and our program

commercial software products and we picked ugrit fgoes to item 2. If ports are equal, then our pnogra

our purposes realization. will check variable “life”; _
_ 4. If variable “life” is equal to zero, program Wil
Algorithm of the program be terminated. If variable “life” is not equal terp,

The sense of device functioning is following: in {0Ur program goes to block2;
random order LEDs are turned on (fig. 4). Afte S Block2. If ports D and B not equal, then our
LEDs are blow out, the user have to repeat theror(variable “life” will be decrement and our program
of LEDs. There are 10 difficulties in a test. Mbard 90€s to item 4. If ports are equal, then our progra
is the last one. User has 3 tries, after this tidoge  Will check variable “life™; _
and LCD module will show the result of user's ac - If variable "life” is equal to zero, program Wil

tivity. The result is calculated using formula: be terminated. If variable “life” is not equal tern,
our program goes to block 3;

result_pLED 100% 7. Blo‘c‘:[<3;1 If ports D and B not equal, then our
variable “life” will be decrement and our program
. to it 6. If t I, th

where, pLED —is a passed LEDs; %’I?an rem poris are equal, then our progra
tLED —is a total LEDs.

The algorithm of the code is very difficult, so
there will be general algorithm only for 3 blocks
(other blocks acted in the same manner).

Electric scheme of the device
Electric scheme of DMTT device is shown on fig. 5.

Fig. 4. General block-scheme of the program
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Fig. 5. Electric scheme of DMTT device
Memory tester the command language of chips, producing a set of

rms, including: Epson, Toshiba, Sanyo, Samsung,
hilips. An even larger number of firms produce LCD
odules based on data controllers. These modutes ca
shown at fig. 6. e found in a variety qf deviqes: mgasuring inst_ru-
The sense of device is, that in a random ordg?ems’ med'C?' and industrial equmenf[, office
! e;qument — printers, phones, faxes and copiers.

LEDs are turn on. After LEDs are blow out, the use Alohanumeric LCD modules are cheap and eas
have to repeat the order of LEDs. There are 10 dif- P P y

ficulties in a test. Most hard is the last one. Uses 3 ﬁgutlor%éigtzvivtrgri?: alrr;(\jli(rjei:rs]ou;cgzwfilre: n glfe \;ellgrp |gg
tries, after this he will lose and LCD module will P ’ P 9 bping 9

show the result of user’s activity. The result &-c amount of information with go_oq_legibility _anq low
culated by formula: ' power consumption. The possibility of equipping the

LCD backlight modules enables them to operate in
environments with low or no lighting, and the versi
with extended temperature range (-20° C. ... +70° C
in difficult operating conditions, including a pabie,

Memory tester consists on buttons, LEDS
(light-emitting diodes), microcontroller ATmega32
and LCD module HD44780.The structural scheme

result=""EP 10006
tLED

where, pLED —is a passed LEDs; field and even, sometimes, on-board equipment.
tLED — is a total LEDs. HD44780 controller can potentially operate with 2
lines of 40 characters each (for modules with ddin
User |3 Buttons —9 MC | LcD of 40 characters uses two identical controllersg, t
matrix character 5x7 points. Controller also sufgpor
f characters with 5x10 matrix of pixels, but in reicen
_— years, the LCD modules with a matrix almost never
occur, so we can assume that in fact there aretbaly

Fig. 6. Structural scheme of memory tester characters 5x7 points.
LCD module In our case, therg was created f[he addition dri_ver
for LCD module. With the help of it, we can confi-
The controller is made by Hitachi HD44780 iggure LCD module however. For example, with the
actually the industry standard and widely usedhé t help of this part code we can connect LCD to aay i/
manufacture of alphanumeric LCD modules. Analogsort we want.
of the controller or compatible with the interfesed
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#define LCD_DATA A
//Port PAOPAS3 are connected to I-D7
#define LCD_DATA_POS 0
#define LCD_E A
/[Enable/strobe signal
#define LCD_E_POS PA4
/[Position of enable in above p
#define LCD_RS C /IRS SIGNAL
#define LCD_RS_POS PC3
#define LCD_RW C IIRW SIGNAL
#define LCD_RW_POS PC6
But, we have still remember, that The LCD ¢
lines D4 to D7 must be connected to contive pins
starting from LCD_DATA_POS. Set LCD_DATA"
the port where you have connected the LCD
lines. Then set LCD_DATA_POS to the starting
of data lines.
Also, we have an opportunity to set the numbe
rows and number of digits in these rt.

Results of DMTT practical testing

After DMTT construction its functions and <a-
bility were tested for the solution of practicaska.
Memory test also was applied practicaThe sense
of memory testing (training) for patient (or 1
training ofhealthy person) is in necessity to m«-
ize (and to repeat) some results of combinatio

285

little light indicators flashes. There are 8 littight
indicators, 8 buttons and a little screen for comits
at frontal panel of the device. Following data v
taken into account for light indicators activitym-
bination: quantity of burned indicators, their arc
flash time length and pause length between fla
After each series demonstration the patient he
press buttons respectively to notice serielashes,
their order and length, and the length of pauses
changed during the time of testing/ Test difficesd-
the speed of changeavere increased from level
level. 10 levels of training may be realized dui
experiment; the 5t level is theeasiest one, the 10-th
level is the most difficult. Tested person may pigk
by himself the suitable level and make it highaha
next step. A doctor also may suggest the suif
level for trained patient. Wrong patient answer&e
the total score dfhe test lower; nevertheless he n
continue the test, but the increase of errors nus
leaded to the end of the te:

During one week, 5 stochastically picked hea
people participated in DMTT testing. Each of th
was trained using memory test ing 15 min every
day.Results of experiments with memory testing
shown on fig. 7. Fiveurves correspond to results
5 persons testing. i possible to see that the inde»
first person memory was the worst. But althougf
index after passing ¢hexperiment isn't the best,
demonstrated the best results of training durirg
experiment.

1.75 2.1

2.45 28 215

25

2.85 4.2 4.55 4.9 5.25 5.6 5.95 B2 E.ES s

Fig. 7. Results of experimel with memory testing and training

Conclusions

Present work startelom profound examinatio
of memory items and analogues devices for mer
testing. Finally device was developed and follow
conclusions may be done at the end of this v

1. Effective and portable device for testing ¢
training of visual memory andeaction was con-
structed. According to work procedure the de
was done on the basis offfaega32 microcontroller
with the help of AVR Studio environme
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2. Full package of program supply was elaborated. 5. Developed device for testing and training of
Program code written for this device contains mondgsual memory and reaction is inexpensive.
then 5100 rows. The Atmel AVR ATmega32 is 6. Developed device and methods could be suita-
supported with a full suite of program and systerble for different practical applications in differte
development tools, including C compilers, macrspheres: medicine, sport, military etc.
assemblers, program debugger/simulators, In-Circuit
Emulators, and evaluation kits.

3. Device demonstrated good results during it 1.0Olson, Harry F.1967. Music, Physics and En-
practical testing. 4 tested persons from 5 improvegineering. Dover Publications. P. 248-251.
indices of their memory during these tests. 2. Oppenheim, Alan V., Schafer, Ronald M75.

4. Fulfilling our work we tried to do this for im- Digital signal processing. Englewood Cliffs, N.J.:
proving of memory of common people, to perfecPrentice-Hall. P. 548-554.
memory of children and, in future, to cure patients 3. Proakis, J. G. and Manolakis, D. @996.
with brain damages and amnesia. For example, gital Signal Processing, Upper Saddle River,:N.J.
case of tracing of person’s memory state it is ipbess Prentice-Hall. P. 910-913.
to notice even slight memory changes with yearl wit 4. Samarin, A.2004. Architecture of TFT LCD
the aim to support it on stable level. panels for monitors and notebook. Components and

technology. No. 3. P. 78-86. (in Russian).
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E. M. Knouxo, B. U1. Ilan-Ilanko YcTpoiicTBO 1 nporpaMMHoe o0ecrnedyeHne A1 TPEHHPOBKH BH3YAJILHOM mMa-
MSTH YeJ10BeKa Ha 6a3e MUKpoKoHTpostepa ATmega32
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Studio.
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