





used for signal waveforms monitoring. The measured by
USTI frequency values were sent to a PC via an RS232
interface implemented with the ST202D integrated circuit
mounted together with the USTI on evaluation board. The
high precision calibrated universal counter Agilent 53132A
with the ultra high stability oven with temperature stability
<2.5%10” was used for comparative precision measurements
of frequency at the TSL245R output in parallel with the
USTL

Fig. 3. Measurement set up.

Fig. 4. A short distance sensor system: 1- electronic digital caliper
722855 Powerfix; 2- LTF EVM motherboard; 3- TAOS LTF EVM
TSL245R daughterboard; 4-target object;
5-USTI Evaluation Board.

The Graphical User Interface (GUI) was implemented
with the help of terminal software Terminal V1.9b for
Windows and TAOS LTF EVM software (Fig. 5). The
Terminal V1.9b was used for connection and data exchange
between the USTI and PC according to the RS232 interface,
and the LTF EVM software was use for connection and data
exchange between the motherboard, daughterboard and PC
according to the USB interface. In addition, the LTF EVM
software was used for rough measurements of frequency at
the TSL245R output.

Measurements were made from 1.5 to 215 mm distances
range. The frequency on the sensor’s output was changed
proportional to the reflected light and measured in the
~1.8 kHz to 190 kHz frequency range for a target object
with the standard calibration reflective surface (18 %

reflective gray paper, for which most sensors are calibrated),
Fig. 6.

The measuring results are shown in Fig. 7. The graph
shows a peak frequency measurement at a distance just a
few millimeters from the detector. The response drops at
shorter distances because there is space between the emitter
(IRED) and detector (IR LFC). The closeness of the object
reduces the amount of IRED light that can reflect to the IR
LFC.

o R
Loy e e I
19 = 10
teoniog  sasene puciermy Ascus f 54
1 ot [0 [27 I Gegh ]
WessrsmentOptins
TBcieen X [ Dee
Sl e 75 2] Comern 1028 HEX T Dec s -
Amblent; o Reference. s s
Rofrne ° p—— 4
rewvas 2 IBEEM | oo
s
= o srrasosest
Vertical Scale =x
Toxserresoseen
5000 »s
I Auo 1833 887783058631
Tt
e | _seare | [T 3] [ ORCRAF 0K I0TR EATS

aaaaa M1 | M2 | M3 | Ma | M [ M [ M7 [ M8 [ M9 [ b10[ T | Mi2]

R _osed |

R 8581 [T 1404

Readng EVM, BS20e comMa

Fig.5. GUI measuring software: LTF EVM software:
1 -daughterboard window; 2- window with a control section;
3 - strip chart recorder window; 4 - Terminal V1.9b for Windows.

Fig. 6. Target object with the duraluminium surface (a) and
standard calibration reflective surface (b).
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Fig.7. Distance from target object to sensing element (IR LFC).



In the case if a target object is made from the
duraluminium (Fig.6, b) more light is reflected from the
object’s higher reflectivity surface and output frequency will
be increased in 3 times. In turn, the full scale of distances
also will be increased a little.

The determined resolution for this measuring system is
0.01 mm, and response at 75 mm, for example, is
34 Hz/0.01 mm. The time of measurement calculated
according to the equations (2), (3) for the RS232 interface
communication at 38400 baud rate and 0.01 %
programmable relative error is not more than
Toneas max = 26.35 ms, where t,,,, = 16.5 ms, t.pm, = 6.25 ms
and ... = 3.6 ms. This time of measurement is less in 3.4
times in comparison with the conversion time of charge-
balancing integrating type 16-bit ADCs (90 ms typical), that
are used in various light-to-digital converters [9]; and less in
9.5 — 38 times in comparison with measuring systems
described in [3].

Maximal and minimal frequencies at the sensor’s output
(Fig. 8 a, b) also were measured by the USTI with the
minimum possible constant relative error 6= 0.0005 %.
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Fig.8 Oscillograms at sensor’s output at f, .., =
and f; e = ~ 190 kHz.

~ 1.83 kHz (a)

Frequencies were measured by the USTI and universal
counter Agilent 53132A in parallel until totaling 65
measurements.

The measurement error has been evaluated from
appropriate statistics characteristics. Statistical
characteristics are adduced in Tables 1 and 2, and densities
of distribution are shown in Fig. 9 a, b respectively. The
relative error does not exceed the programmable relative
error 0.0005 % in both cases.

Table 1. Statistical characteristics at f; ., measurements

Parameter Value
Minimum f, ... (min), Hz 190630.952
Maximum f; ... (max), Hz 191115.705
Sampling Range,
ﬁfmax (maX)'fx max (min), Hz 484.7524
Median 0
Arithmetic Mean, Hz 190853.372
Variance, Hz 19236.0482
Standard Deviation, Hz 138.6941
Coefficient of Variation 1376.0744
Confidence Interval at 190816.04 < fiux
probability P =97 % < 190890.704
Relative error, % 0.00019 < 0.0005

Table 2. Statistical characteristics at f, ,,;, measurements.

Parameter Value
Minimum f, ,;, (min), Hz 1831.6609
Maximum f, ,;, (max), Hz 1832.9903
Sampling Range,
ﬁfmin (maX)'fx min (min), Hz 1.3294
Median 0
Arithmetic Mean, Hz 1832.2021
Variance, Hz 0.1367
Standard Deviation, Hz 0.3697
Coefficient of Variation 4955.401
Confidence Interval at
probability P = 97 % 1832.1026 < f; ,in< 1832.3017
Relative error, % 0.0005

The z’-test for goodness of fit was applied to investigate
the significance of the differences between observed data in
the histograms and the theoretical frequency distribution for
data from a uniform population. For five equidistant classes
and a probability P = 97 %, according to the 3’ —test,
S < szax, where S is the sum of deviations between the data
set and the assumed distribution and ;/,,,ax is the maximal
possible allowable argument of the 4 distribution. Hence,
the hypothesis of uniform distribution can be accepted in the
both cases.

Some additional design considerations should be used at
distance measuring systems design. It is a choice of IR LED
and its current stabilization; composition of the target object,
etc. Other design considerations are connected with
mechanical issues.

An additional infrared- or visible light-to-frequency
converters [2] can be connected to the second channel of the
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USTI in order to extend it functionality and application
areas.
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Fig. 9. Density of distribution for f; .., (a) and £ ,;, (b)
measurements.

The designed sensor system can be used for a variety of
purposes, including absolute distance measurement,
thickness calculation, slope and deformation control, linear
distance measurement, position control, profile logging,
centering control, and diameter/eccentricity measurement.

4. CONCLUSIONS

The designed measuring system demonstrates high
metrological performances at minimum possible hardware
and inexpensive elements costs. Performance improvements
are achieved due to novel, precision modified method of the
dependent count for frequency measurements with a non-
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redundant conversion time [10], which is used in the
Universal Sensors and Transducers Interface IC.

Such measuring systems can be used also in many
applications for measurement of geometrical quantities as
tilt, deformation, diameter, etc. and proximity sensing
applications.
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