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Abstract. Based on the most significant features of the angular velocity dynamic measurements selected by the authors, the main phases of measuring
information transformation were established, which allowed to obtain new mathematical models in the form of transformation function, equations
for estimating quantization errors, analytical dependences for measuring range that are initial for modeling physical processes occurring in such digital
measuring channels with microprocessor control. The process of converting an analog quantity into a binary code is analytically described, an equation
for estimating the absolute and relative quantization error is obtained and a measurement range is established, which provides a normalized value
of relative quantization error for angular velocity measuring channels with encoder. For the first time, the equation of sampling error was obtained,
and it was proved that the limiting factor of the angular velocity measurements upper limit is not only the normalized value of quantization error,
as previously thought, but also the value of sampling frequency fp. Therefore, to expand the measurement range (by increasing the upper limit
of measurement), it is proposed not only to increase the speed of analog-to-digital conversion hardware, but also to reduce the execution time of software
drivers for transmitting measurement information to RAM of microprocessor system. For this purpose, the analytical dependences of estimating the upper
limit of measurement based on the value of the sampling step for different modes of measurement information transmission are obtained. The practical
implementation of the software mode measurement information transmission is characterized by a minimum of hardware costs and maximum execution
time of the software driver, which explains its low speed, and therefore provides a minimum value of the upper limit measurement. In the interrupt mode,
the upper limit value of the angular velocity measurement is higher than in the program mode due to the reduction of the software driver’s execution time
(tm = 0). The maximum value of the angular velocity measurements upper limit can be achieved using the measurement information transmission in the
mode of direct access to memory (DMA) by providing maximum speed in this mode (tr = 0, tor = 0). In addition, the application of the results obtained
in the work allows at the design stage (during physical and mathematical modeling) to assess the basic metrological characteristics of the measuring
channel, aimed at reducing the development time and debugging of hardware, software, and standardization of their metrological characteristics.
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CECHY POMIAROW DYNAMICZNYCH PREDKOSCI KATOWEJ
ZWYKORZYSTANIEM ENKODERA

Streszczenie. Na podstawie najistotniejszych cech dynamicznych pomiaréw predkosci kqtowej ustalono glowne fazy transformacji informacji pomiarowej,
co pozwolito na uzyskanie nowych modeli matematycznych w postaci funkcji transformacji, rownan do szacowania bledow kwantyzacji, analitycznych
zaleznosci dla zakresu pomiarow, ktore sq podstawg do modelowania proceséw fizycznych zachodzqcych w takich cyfrowych kanatach pomiarowych ze
sterowaniem mikroprocesorowym. analitycznie opisano proces konwersji wartosci analogowej na kod binarny Po raz pierwszy otrzymano réwnanie bledu
probkowania i udowodniono, ze czynnikiem ograniczajgcym gorng granice pomiarow predkosci kqtowej jest nie tylko znormalizowana wartos¢ bledu
kwantyzacji, jak sqdzono wczesniej, ale takze wartosé czestotliwosci probkowania fp. Dlatego w celu rozszerzenia zakresu pomiarowego (poprzez
zwigkszenie gornej granicy pomiaru) proponuje si¢ nie tylko zwigkszenie szybkosci dzialania sprzetu do konwersji analogowo-cyfrowej, ale réwniez
skrécenie czasu wykonania sterownikéw programowych do transmisji informacji pomiarowej do pamigci RAM systemu mikroprocesorowego. w tym celu
uzyskano analityczne zaleznosci gornej granicy pomiaru od wartosci kroku probkowania dla roznych trybow transmisji informacji pomiarowej. W trybie
przerwania gérna wartos¢ graniczna pomiaru predkosci kqtowej jest wyzsza niz w trybie programu ze wzgledu na skrocenie czasu wykonania sterownika
programowego (tp = 0). Maksymalng warto$é gornej granicy pomiaru predkosci kgtowej mozna uzyskaé przesylajgc informacje pomiarowe w trybie
bezposredniego dostgpu do pamigci (DMA) zapewniajqgc maksymalng predkosé w tym trybie (t = 0, tor = 0). Ponadto zastosowanie uzyskanych w pracy
wynikow pozwala na etapie projektowania (podczas modelowania fizycznego i matematycznego) na oceng glownych cech metrologicznych kanatu
pomiarowego, co ma na celu skrocenie czasu rozwoju i debugowania sprzetu, oprogramowania oraz standaryzacji ich cech metrologicznych.

Stowa kluczowe: predkos¢ katowa, enkoder, kwantyzacja, probkowanie, kanat pomiaru predkosci katowej, funkcja konwersji

Introduction Rotation frequency n is a physical quantity determined
by the ratio of the number of revolutions No per rotation
During the rotation of a rigid body [1, 6] around its axis, time, rpm:
the angle of rotation ¢ is a function of time n= %
¢ = f(0). It is easy to see that the term “rotation speed n" used

This equation is also called the equation of rotation, which

corresponds exactly to the physical quantity "rotation frequency".
is the basis for the experimental study of such parameters n y Py q y q y

The basic equations for measuring rotation speed and rotation

of rotational motion as angular velocity w(t) = ‘Z—f, frequency are also the same.
. do _ d%@ . The above also indicates that the speed, as well as the speed,
angular acceleration ¢(t) = —=— and dynamic moment : . ]
dat ~— dt? are not synonymous with angular velocity. In physical terms,

Mp =]‘Z_‘:’ - L these are different physical quantities that are not proportional

dtz’ K
to each other. Equality

The vast majority of the rotational motion of mechanisms
is described by the terms “angular velocity" or “frequency . . . w=2mmn
of rotation”, the essence of which is different. We give the valid only for uniform rotation. )
definition of these parameters of angular displacements ) Based on this, we_note the first feature — the angular veloplty
corresponding to the international system of units of measurement is related to dynamic measurements, because at each time
13]. its instantaneous value is known, and the rotation frequency
Angular velocity is a physical quantity that is described by the (rotation speed) to static, because the measurement result
first derivative of the angle of rotation ¢ for the time ¢, rad/s: in this case characterizes the average speed per full revolution.
—d
w(t) = o
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Angular velocity refers to non-electric quantities, which
are measured by converting a non-electric quantity into an electric
one using a primary measuring transducer (sensor). The presence
of this measuring transformation determines the second feature
of the measurement of angular velocity w.

Encoders are now preferred for dynamic angular displacement
transducers in dynamic angular velocity —measurements.
They perform the conversion of angular displacement into
a sequence of electrical signals, the frequency of which contains
information about the value and direction of the informative
parameter.

Such transducers are used to measure angular velocity, speed
and other physical quantities functionally related to it.
The transformation equation for rotational motion sensors, which
are based on the construction of angular displacement transducers
— encoders, are shown in table 1.

Table 1. Transformation equation of angular displacement sensors

Measured
: Measurement ; .
physical . Transformation equation
N units
quantity
. 360 .
@x = 1=, ¢y —rotation angle,
. deg i — current number of output pulses (i € 0...2),
Rotation z — number of pulses per full revolution
angle (z € 10%...10%)
2m
rad px=1—
Rotation rpm fr= % n, — rotation speed,
frequency f, — frequency of output rectangular pulses
Angular fr= 4
g g rad/s x7 om’
spee w, —angular speed

The advantages of such sensors are: wide measuring range
(from 10° to 10° rpm), simplicity of design, low load on the object
of measurement due to the low moment of inertia of the moving
part of the sensor, high noise immunity, almost unlimited
service life. For dynamic measurements, their high resolution
is extremely important, which is determined by the Z — the
number of pulses per full revolution (Z € 103...10°).

Based on the above, it becomes obvious the usage of digital
tachometers by the vast majority of developers, which generalized
block diagram for dynamic measurements of angular velocity,
is shown in Fig. 1.

O M _S AvVC
w f
u w f
Fig. 1. Generalized block diagram of dynamic measurements w, : O — measuring
object, u — supply voltage, w — rotation frequency, angular speed, S — sensor,

encoder, f — output pulse frequency, FMC — frequency measuring channel, N — the
number of pulses at the output of the measuring channel

The third feature of dynamic measurements of angular
velocity is the implementation of the measuring channel of the
frequency of instantaneous values, which is based on the indirect
method of frequency conversion f, in parallel binary code N.
In such measuring channels, the quantization of the period Ty,
which is formed at the direct output of the counting trigger T,
is carried out by the periods T, of the sample frequency fj .
As a result of such comparison of the measured Ty and sample T,
of physical sizes receive numerical values of N angular velocity
through the period — in even or not even periods. At dynamic
measurements of angular velocity, it is necessary to have its
numerical values in each period of frequency f, at the output
of the encoder, which in the literature is called frequency
measurement in the "adjacent intervals”. This is especially true
for compatible measurements, the results of which are functional
dependencieswy (1), &, (t), Mp(t), Mp ().

Such block diagrams are known and widely used by
developers of information and measurement technologies [10].
Mathematical models that adequately describe the various
transformation phases of information in angular velocity
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measurement channels remain unexplored here. The lack of such
theoretical results is a scientific and applied problem, the solution
of which will allow at the stage of development and design
of hardware and software to model such basic metrological
characteristics of the measuring channel as the transformation
function, quantization and sampling errors, measurement
range, aggregates will provide new knowledge in the field
of metrological support of angular velocity dynamic
measurements.

The aim of the work is to obtain mathematical models, which
are a transformation function of the angular velocity measuring
channel, the quantization equation and sampling errors, analytical
dependences for estimating the measurement range in the form
of lower and upper limits of measurement and speed [7].

1. Measuring channel of instantaneous angular
velocity

The characteristic features of the structural diagram of the
angular velocity measuring channel (Fig. 2) include the following:
1. Quantization of periods T, by periods T, of exemplary

frequency f, carried out in the logic circuit "AND" from

the direct T or inverseT outputs of the counting trigger T,

which is also called the period selection device [6].

2. The presence of a binary counter CT2, which counts
the number of N sample periods T, which quantize
the periods T, or T,, formed, respectively, on the direct
or inverse outputs of the counting trigger T;

3. The presence of a programmable interface for transmitting
binary codes of the number of pulses N from the outputs
of the binary counter CT2 in the ACC accumulator
of the microprocessor system MPS, the main components
of which are the CPU microprocessor, RAM and ROM
constant memory.

The beginning of the measurement is the signal 1/0 —
start/stop to the measurement object from the CPU
microprocessor of the MPS microprocessor system through
the parallel programmable PPl interface. The sensor shaft
connected by a coupling to the shaft of the measuring object
begins to rotate. The encoder (sensor) converts the angular
velocity into a sequence of electrical signals, the frequency
of which is determined [8, 9]
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Fig. 2. Block diagram of the measuring channel of the angular velocity: 7 — trigger
(period selection device); Fi, F, — shapers; 4 — measuring object adapter;
G — sample generator f,, C72 — binary counter; PPl — parallel programmable
interface; microprocessor system MPS, consisting of a CPU microprocessor and its
dedicated ACC accumulator, RAM and non-volatile ROM. Ty — direct trigger output
T; Res— zero setting of the binary counter triggers CT2; Cmp — signals for recording
2 bytes of information from the outputs N00, N01...N15 of binary counter CT72 in the
buffer ports of the channels K4 i KB interface PPI; BD — data bus; 400, A01 — lest
significant bits of the address bus; Out — signal for writing information to the PPI;
Input — a signal to read information from the PPI; Reset — zero signal of all interface
ports PPI; WR — information recording signal ¢ RAM; RD — information reading
signal from RAM (ROM); 1/0 — start/stop of the measuring object
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Rectangular output signals of the encoder with frequency f,
arrive at the C—input of the counting trigger T, at the direct output
of which the period T, of the encoders output frequency f;
is formed (Fig. 3).

o 1L 1T
o —— 1

ot DR

tanc N
LR

Fig. 3. Timing diagrams of the measuring channel

In the scheme of logical "AND" quantization takes place by
comparing the measured physical quantity T, with the sample T.
As a result of such comparison the equations of transformation
of the measuring channel of frequency of the instantaneous values
giving the following function of transformation receive [2, 11]

N=F=T fy=% @)

To obtain the conversion function of the angular velocity
measuring channel in instantaneous values, we substitute in the
equation (2) the value of f,, from the equation (1), which uniquely
connects the input value of the angular velocity o with the output
value of the rectangular pulse frequency

N =2k 3)
wzZ

The number of pulses N passing through the open "AND"
gate is counted by the binary counter CT2. The obtained equation
(3) shows that the static characteristic of such a measuring
channel is nonlinear (Fig. 4).

100
80

60

N(w)

401

20 40 60 80 100
w, rad’s

Fig. 4. Static characteristic: z = 628; f,= 10° Hz; w € 10 --- 100 rad/s

The process of counting the periods Ty, coming to the input
of the binary counter CT2, continues until the end of the period
Tx. At the moment when the level of logic "1" quickly turns into
the level of logic "0" (decline of the Ty) shaper F; at its output
forms a short rectangular pulse Crp, according to which
the number of pulses N given in binary code N00...N15 from
the outputs of the binary counter CT2 are written to the buffer
ports of the parallel interface PPI. At the same time the signal Ctp
sets to a single state the flag of readiness (Flag) which signals
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the accumulator ACC of the microprocessor CPU on completion

of measurements and start of transmission of measurement

information temporarily stored in the buffer ports KA and KB
of the PPI. Upon completion of the signal Crtp (on its trailing
edge) the shaper F, at its output generates a short pulse

Res, which on the R—-inputs resets all the triggers of the binary

counter CT2, and thus “prepares” it for the next cycle

of measurements [1, 4, 5].

The process of transmitting the measurements information
NO00... N15 from the parallel interface to the microprocessor
accumulator is controlled by an assembly program, the algorithm
of which is as follows:

1. Begin.

2. Initialization of software of the measuring channel, as a result
of which it is established:

- The initial ADR address of the RAM buffer, in which
the results of direct measurements of the Ty period will
be recorded;

- Organization of a software meter, which sets the number
[i] of frequency measurements

3. [Initialization of measuring channel’s hardware:

3.1.Software setting of PPI operation mode channels:

- channel KA[00-07] is programmed to mode "1"
synchronous input of the least byte of information from
digital N [00-07] outputs of binary counter CT2 compatible
with gating discharge channel KC04;
channel KB[08-15] is programmed to the mode "0" — a
simple input of the high byte of information from the digital
N [08-15] outputs of binary counter CT2;

KC [04] — the gate of the KA channel, which uses the signal

Ctp from the output of the shaper F1;

bit KC [00] to mode "0" — asynchronous output of the

control signal of the measurement object;

KS [00] - software signal generation (1/0) for adapter A

of the measurement object.

4. The next step is a software survey of the presence of a flag
in the KC [04] bit. If KC [04] = "0", then the polling
of the flag continues (conditional transition) until (looping)
until the process of measuring the frequency in this period
is completed KC [04] = "1". The subroutine of waiting
for the flag presence will be called Flag, and the time
of its execution will be marked tg, .

5. After the appearance of the flag in the bit KC [04] = "1" first
step is the reading of the low-order byte N [00... 07] from
the buffer register (port) of the programmable PPI interface to
the ACC accumulator of the MPS microprocessor system
and then store it in RAM, and then leading byte N [08... 15].

6. Increases (increments) by one ADR: = ADR + 1 RAM buffer
address to store the next bytes of measured information.

7. Decreases (decrements) by one i:=i—1 the value
of the measurement counter.

8. The contents of the measurement counter are checked to zero
i=0 If i=0, then the measurement process ends.
The conditional transition to the p.10 and to the operator
"End" is carried out.

9. Ifi+# 0, the driver program makes a conditional transition
to the p.4 of this algorithm. The subroutine for the transfer
of information from the parallel interface to the accumulator
is called the Driver, and the time of its execution is denoted
tDR-

10. From equation (3) indirectly determine the array of numerical
instantaneous values of the measured angular velocity

w=2h )

Nz

11. End.

This mode of information exchange between the external
device (CT2) and the ACC accumulator of the microprocessor
system is called — software mode.
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2. Metrological characteristics of the measuring
channel

As a result of replacing the analog value o, which has
an infinite number of values, with a continuous quantized value
with a limited number of values in the form of a binary code
N [00... 15], there is an absolute quantization error [11]

Ay = §h = §TO (5)
A more universal characteristic of accuracy is the relative

quantization error
8 = +100% (6)
Substituting the value of N in (6) from (3), we obtain the

equation for estimating the relative quantization error
S = w-z-100% (7)
K 21 fy

Graphical representation of the relative quantization error
dependence in the changing range of the measured value is shown
in Fig. 5.

Analysis of the quantization error equation (7) and the results
of its modeling, shown in Fig.5, show that the resolution z
of the encoder and the value of the sample frequencyf, are ways
to reduce it.

Since the dependence of the relative quantization error on
the change of the measured angular velocity is linear, it can be
concluded that the normalized value 8y quantization error [7, 10]
restricts the upper limit of measurement

max"Z-100%
Skn = %ﬁ)o ©)
From (8) we obtain the dependence for estimating the upper
limit of the angular velocity measurement
21 fo 6
Omax = oot ©)
The dependence of the upper wg,, measurement limit on
the normalized value of the relative error iy is shown in Fig. 6.

1
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w, rad's
Fig. 5. Relative quantization error: z = 628; f,= 10° Hz; w € 10--- 100 rad/s

507

401

wmax, rad's

301

[=1¥
[ =]
L

0.3 0.35 0.4 045 0.5
OKH

Fig. 6. Dependence of the upper w,,,, measurement limit on the normalized value

of the relative error &yy
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The lower limit of angular velocity measurement is limited
[7, 10] by the maximum capacity of the binary counter CT2
Nmax = Zn (10)
where n is the bit rate of the binary counter CT2.
Taking into account (10), rewrite the transformation equation
(3) and present it as follows:
— 21 fo (ll)

Nipgx = 2" Omin'Z
From (11) we obtain the dependence for estimating the lower
limit of the digital tachometer of instantaneous values

Wmin = 22an (12)

The dependence of the lower limit of measurement wy,
on the bit rate n of the binary counter CT2 is shown in Fig. 7.

Therefore, in the range of change of angular velocity from
the lower w,,;, to the upper limit w,,, it is converted into binary
code with a relative quantization error not exceeding
the normalized value &yy.

As a result of such replacement of the analog value ® having
an infinite number of values in the set range (from w;;,t0 Wyax)s
a limited number of its instantaneous values in the specified time
intervals T}, there is a sampling error [10]

Ap = %TD '(fi_(: (13)
In (13) Tp, the sampling step, which for the measuring channel
(Fig. 2) according to the time diagrams (Fig. 4) is defined as:

Tp =tapc + trr + tpr (14)
tapc — the duration of the analog-to-digital conversion, which
is equal to the measured period

tapc = Tx (15)
tr; — time spent executing the Flag waiting subroutine,
tpr — time to run the Driver software subroutine.

407

30

207

wmin, rad’s

Fig. 7. Dependence of the lower limit of measurement w,,, on the bit rate n
of the binary counter CT2

Determining the time [7, 10] of sampling the sum of time
components for analog-to-digital conversion by hardware
of the measuring channel circuit and time for execution
of software drivers by software instruments of transmitting
measuring information to the microprocessor system accumulator
and its RAM is another feature of dynamic angular velocity
measurement.

The maximum time required to execute the commands
of the assembly subroutines Flag and Driver is estimated [11]
by their initial listings.

tFL = TT Zln=l Pi (16)
tpr = Tr X151 Py 17)
where Ty — the period of the clock frequency f; of the
microprocessor CPU;
i — the number of commands in the Assembly subroutine Flag;
j — the number of commands in the Assembly subroutine Driver;
Py, P; — number of cycles in one command.
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Taking into account (14) the sampling
of the angular velocity measuring channel is defined as:
-1 _ 1
fo = Tp  Tx+tpit+tpg (18)
We present the transformation equation of the encoder (1)
as follows:

frequency

fo = =me (19)
and we get the inequality
Wmax < [z (20)

z
which shows that the limiting factor of the upper limit
of the angular velocity measurement is not only the normalized
value of the quantization error 8y but also the value of the
sampling rate f,.
Rewrite (20) in a form convenient for further analysis
of the upper limit of measurement [6, 11]

21

z:(Tx+tpL+tpR) (21)

Different modes are used for the 1/O process: software,
interrupt and capture (direct memory access).

The structural scheme (Fig. 2), time diagrams (Fig. 4) and the
algorithm of the angular velocity measuring channel considered
above belong to the program mode of operation, which is carried
out under the control of the assembler subroutines Flag
and Driver. The practical implementation of this mode
of transmission is characterized by a minimum of hardware costs,
which explains its low speed. This statement is well explained
by the analysis (21) of the expression in parentheses
in the denominator. Here are all the components that explain
the maximum value of the sampling step

TD = tADC + tFl + tDR = max
and as a consequence, the lowest data transfer rate, which limits
the upper limit of angular velocity measurement wy, -

Unlike software, the interrupt mode is initiated by an external
device (in our case, CT2). If you use the signal Ctp as an
"Interrupt Request”, the microprocessor system MPS under
the control of Driver software proceeds to transfer N [00..15] data
from the digital outputs of the binary counter CT2 to the ACC
accumulator of the CPU microprocessor. Therefore, the value
of the sampling step is less at time ty than in program mode
and is determined accordingly

Tp = tapc + tpr

Therefore, in the interrupt mode, the value of the upper limit

of the angular velocity measurement
21

z - (Tx + tpr)

wmax <

Wmax <

higher than in software mode.

In the "capture” mode, the transfer of information from
the digital outputs of the binary counter CT2 to the CPU
accumulator is carried out directly into the RAM memory
of the microprocessor system MPS under the control
of the controller direct access to memory.

3. Practical results

The algorithm of data transfer in the DMA mode
is implemented using the scheme shown in Fig. 8. This measuring
channel is implemented according to the frequency measurement
scheme in the "adjacent intervals”. And the last feature
of dynamic measurements of angular velocity is the frequency
measurement from the output of the encoder in the "adjacent
intervals”, and the measurement information transfer from
the digital outputs to the accumulator in DMA mode.

The algorithm of the angular velocity measuring channel
operation in the DMA mode is as follows:

1. Set the initial ADR address of the RAM memory
by the software, which will store the binary code N [00-15]
from the digital outputs in its cell CT2;

2. Software to install CT counter number of bytes
to be transferred from digital outputs of CT2 counters
to MPS RAM;
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3. The external device (from the output of the logic gate "OR")
sends to the DMA controller signal “DMA Request”, which
enters the CPU through the bus BC;

4. At this signal, the microprocessor responds with a signal
to confirm direct memory access CDMA, puts its buses BA
and BD in the third state and confirms its readiness
to exchange information under the control of the controller
direct access to DMA memory. This signal is the beginning
of data transfer to the RAM.

5. The DMA controller sets the specified ADR address
on the BA address bus;

6. An odd byte (Tx) from the digital outputs N [00-15]
of the binary counter is fed to the BD data bus by the DMA
controller. CT2.

7. The DMA controller generates an WR record of an odd byte
of information in the RAM cell at the selected address.

8. The DMA controller automatically increments the initial ADR
address by: (+1): = ADR + 1, thereby generating the address
of the next cell to store the even (T,) byte of the measurement
results array.

9. Decreases by (-1) the value of the LT byte counter: = LT-1.
The current count of exchange bytes is performed.

10. When the value of the byte counter is zero LT: = 0, the DMA
process ends, the DMA controller gives the CPU processor
a signal End of DMA.

11. At the end of the DMA signal, the processor converts
its BA address bus and the BD data bus to the active state
and the PDP controller bus to the third state and proceeds
to the execution of the interrupted DMA program.

12. If the value of the counter is not equal to zero, the controller
proceeds to the transmission of the next byte of information
(according to p.5 of this algorithm).

Grp Tx —
l T &f
w3 [ D
10 Grp Tx m: ap Tk
DVA
BD BA BC
Tx &, 41 C2 Q NOO NO- 15 WR
NO1
Q RD
Res Tx| g : NO. Bl RAM
. BA BA
T NI5
™ g Qs DVA
Tx &f a2 DO BD U
o ICOVA
Res T Q
: VA BD
NI5 RQm
™ g Q= BC| D
DVA

Fig. 8. Direct access to memory mode

In the DMA mode, the transmission of measurement
information N [00... 15] from the digital outputs of the binary
counter CT2 is carried out by hardware. Therefore, in this mode
there are no time costs for execution of Flag and Driver
subroutines (tr. = 0, tpgr = 0). Therefore, in the DMA mode,
the value of the upper limit of the angular velocity measurement
is maximum

< 2m
Wmax = 7. TX




p-ISSN 2083-0157, e-ISSN 2391-6761

To increase the upper limit of measurement, it is necessary
to propose adaptive algorithms for changing the resolution
of the z encoder.

20000

angular speed, rad's

Fig. 9. The results of the experiment

Experimental studies were based on a prototype consisting
of the object of measurement — three-phase asynchronous motor
UAD-34 with a nominal speed of 1500 rpm, coupling
shaft membrane type, encoder LIR-250A (z = 1500 marks
per revolution) and debug board based on dual-core
32-bit microcontroller (MCU) TMS320F28379D, containing
1 MB of flash memory, 128 KB of RAM. This MK provides 12
32-bit general-purpose timers as well as 12 16-bit ADC channels,
which is sufficient for this kind of dynamic measurements.
The transient process for this object of measurement is shown
in Fig. 9.

4. Conclusions

For the first time, the most significant features of angular
velocity dynamic measurements, the numerical value of which
is given in binary code, are highlighted in the paper. The main
phases of measuring information transformation are established,
which allowed to obtain new mathematical models in the form
of transformation function, equations for estimating quantization
errors, analytical dependences for determining the measuring
range, which are the starting point for modelling physical
processes in such digital measuring instruments.

Applying the methods of experimental computer science
of reproduction, comparison and calculation on the example
of indirect conversion of angular velocity into binary code
for the first time analytically described the process of conversion
of analog value w, into binary code N, the equation for estimating
the absolute and relative quantization error is obtained
and the measurement range is set, which provides the normalized
value of the relative quantization error for angular velocity
measuring channels with encoders.

The sampling error equation was obtained for the first time
and it was proved that the limiting factor of the upper limit
of angular velocity measurement is not only the normalized
quantization error value 8y, as previously thought, but also
the sampling frequency value f, . Therefore, to expand
the measurement range (by increasing the upper limit
of measurement w,q, ) it is proposed not only to increase
the speed of analog-to-digital conversion hardware, but also
to reduce the execution time of software drivers for transmitting
measurement information to microprocessor memory. In this
regard, the analytical dependences for estimating the upper limit
of measurement for different modes of information transmission:
software, interrupt, capture.

The practical implementation of the software mode
of transmission of measurement information is characterized
by a minimum of hardware costs and maximum execution time
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of the software driver, which explains its low speed, and therefore
provides a minimum value of the upper limit of measurement
Wmax - 1N the interrupt mode, the value of the upper limit
of the angular velocity measurement is higher than in the program
mode due to the reduction of the execution time of the software
driver (t;. = 0). The maximum value of the upper limit
of the angular velocity measurement can be obtained using
the transmission of measuring information in the DMA mode
by providing the maximum speed in this mode (t_ = 0, tpg = 0).

In addition, the application of the results obtained in the work
allows at the design stage (during physical and mathematical
modeling) to assess the basic metrological characteristics
of the measuring channel w, , which aims to reduce
the development and commissioning of hardware and software
and standardization of their metrological characteristics.
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