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Measuring system for the control of the person acupuncture points activity at stationary and non-
stationary conditions on base of ADC with weight redundancy is developed. It is shown, that the sys-
tem enables the opportunity to restore periodically metrological characteristics of its «nucleus» — ADC 
in non-stationary conditions as performance of the so-called procedure of selfcalibration which allows 
to reduce or eliminate the influence of external factors on final results of measurements. 
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Nowadays in the field of acupuncture therapies it is possible to distinguish the problem of 
creation of information-measuring system (IMS) for more adequate diagnosing of person state of 
health by means of values of parameters of activity of biologically-active points (BAP) or points of 
acupuncture (PA) which are offered in [1]. Thus in practice there is a need to provide the opera-
tion of such and similar systems both in stationary (for example in hospitals), and in non-
stationary (portable or field) conditions [2]. 

Modern IMS, typical system is described in [3], do not provide the specified adequate diagnos-
ing (that is, an adequate evaluation of the specified points activity) as do not consider a lot of in-
formation parameters of BAP: rate of change of values of PA signals levels, individual variations 
of parameters of active points, "peaks" in signals of acupuncture, points, ���	 ���� �������� �� ���

above mentioned problem is actual. 
The purpose of the article is: consideration of the approach regarding the creation of more 

productive IMS for adequate evaluation of BAP activity of the person both in stationary, and in 
non-stationary conditions. 

Research problems are: 
1. Consideration of principles of IMS functioning both in stationary, and in non-stationary con-

ditions for adequate evaluation of BAP activity of the person due to the account, in particular: 
rates of change of values of PA signals level, individual variations of active points parameters, 
«peaks» in signals of acupuncture points, etc. 

2. The analysis of the opportunity of IMS performance improvement for adequate evaluation of 
PA activity of the person in stationary and non-stationary conditions due to application of high-
speed analog-digital converter (ADC) with weight redundancy, that in addition provides the oppor-
tunity of periodic restoration of metrological characteristics as of ADC itself, and systems as a 
whole due to the so-called selfcalibration procedure. 
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In general case adequate evaluation of BAP of the person (and the state of health) in Su-Jok 
and others types of therapies can be carried out applying 11 parameters [1]: parameter Hh – 
aquires the value of the measured levels of BAP signals; Kh – aquires the value of factors (parame-
ters) which are calculated on the basis of the measured levels of signals of active points (Hh); vh – 
rate of change of values of PA signals levels (Hh� �� ����� 	� – rate of values of factors (parameters) 
change which are calculated on the basis of the measured levels of BAP signals (Kh) in time; VHs — 
average arithmetic value of the results of calculation of vh rates during the corresponding periods of 
time of their definition; VKs — average arithmetic value of results of calculation of rates vk during the 
corresponding periods of time of their definition; ��min, ��max — measured individual accordingly 
minimal, maximal (extreme) values of levels of BAP signals (Hh); thmin, thmax — time of setting (it is 
desirable to define during the day) accordingly ��min, ��max; ekmin, ekmax — measured individual ac-
cordingly minimal, maximal (extreme) values Kh; tkmin, tkmax — time of setting (it is desirable to define 
during the day) accordingly ekmin, ekmax; s — a "display" parameter which takes into account the 
presence (s = 0) or absence of «peaks» (s = 1) in rhythmogram of certain BAP (PA signals). 

We can receive the measuring information — values of current levels, biopotentials BAP for 
further definition of Hh, Kh, vh, vk, VHs, VKs, ��min, ��max, ekmin, ekmax, and also s, thmin, thmax tkmin, 
tkmax by means of corresponding system of measurement and registration of PA signals which 
structure is described in [4]. At the same time the specified IMS does not allow to carry out ade-
quate evaluation of BAP activity by all listed 11 parameters. For realization of such evaluation au-
thors offer to use the improved version of the system. Its basic components are: the switch of in-
put signals (K) of acupuncture points; ADC of digital equilibration on the basis of redundant 
positioning systems of calculation (RISC) — ADC with weight redundancy for conversion of such 
signals; the display (D) (for visualization of the results of measurements; the device of digital re-
cording (DDR) for saving of the results of measurements; the interface (IF) for transfer of the reg-
istered values of PA signals levels to personal computer (PC); specialized digital computer (SDC) 
for averaging the results of measurements by means of read only (ROM) and operative or ran-
dom access (RAM) memories, control unit (CU) of system operation. Such structure of IMS can 
be used as the "base" for evaluation of BAP activity of the person in Su-Jok and other therapies 
by all the above-mentioned parameters in stationary and non-stationary conditions. Let us con-
sider the case of "base" IMS functioning in stationary conditions. 

The process of direct measurement of any information parameters of BAP is accompanied by 
the influence of certain factors among which it is possible to distinguish: instability of contacts 
skin-electrode, inducing, noise, instability of measuring device supply voltage, etc. [5]. At the fur-
ther evaluation of PA activity of the person it is quite possible to obtain the erroneous values of 
acupuncture points parameters (their current, biopotentials) [5]. One of the reasons of this situa-
tion is as a rule application of unitary measurements of such parameters. Therefore, the correc-
tion of the values obtained is very important in particular, while carrying out the repeated meas-
urements with further averaging of their results. Hence, for more correct evaluation of PA of the 
person by means of specified 11 parameters it is necessary to reduce the error at definition of 
"base" parameter Hh, on the basis of which others are obtained: Kh, vh, vk, VHs, VKs, ��min, ��max, 

ekmin, ekmax. Thus for single measurement according to [6] we obtain (1). It is possible to reduce ∆
0

 
it is possible, that is offered by authors, taken for result of measurement Hh (2). According to [6] 

∆
0

 in (2) having different signs, are mutually destroyed. Assuming, that the law of distribution of 
probability density of Hh is symmetric, the average square-law deviation of result of measurement 

of the given parameter will decrease at b  times in comparison with the case for (1). It is also 
necessary to specify, that the described repeated measurements should be carried out without 
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removing the corresponding electrode from investigated BAP. Term during which they are carried 
out, is limited by the periods ti, tj intended for definition on the basis of Hh, Kh – vh, vk at detailed 
evaluation of PA states [7]. In case of the express-evaluation of BAP states [7] as restrict ran-
domly determined time t that is term of carrying out of such research can act as the restriction to 
obtain Hh values. 

���������	 �� �
���	 �����	����
 ���	�� �������� �� 	�	�������	��� ��	�����	�

We shall consider the case of functioning of described above "base" IMS in non-stationary 
conditions. It is necessary to note, that the influence of environment factors on the system is im-
portant feature of the given case; it in turn leads to deterioration of metrological characteristics, in 
particular, its "core" – ADC. Taking this into account authors offer to introduce in addition to the 
basic operating mode of specified above ADC, on the basis of weight redundancy (conversion of 
signals) the auxiliary mode – selfcalibration [8], [9.] Selfcalibration of ADC and IMS on their basis 
is – separate automatic procedure intended for definition of deviations from nominal (valid) values 
of parameters of separate devices or measuring channel of the system (as a whole) and forma-
tion during the specified procedure the corrections in order to reduce statistic errors with interrup-
tion of process of the basic conversion (measurement). Results of such procedure can be reused 
during the basic conversion process or measurement until, owing to ADC parameters change or 
the measuring channel need to carry out new calibration emerges [10]. Also it is necessary to 
specify, that if deviations of parameters values or characteristics for ADC (linearities or if neces-
sary – scale, etc.) from rated value are determined then special reference measures or reference 
signals are not used. Thus in the specified "auxiliary" operating mode of the converter the defini-
tion of real weights of certain "nonexact" Qk digits of ADC, zero drift ∆Azm and code equivalent of 
∆Azm  – Kzm accordingly is carried out. 

Selfcalibration of weights of k th digit Qk consists in twofold equilibration of additional signal: 
first time using Qk, and the second – without it. Real value of Qk is defined as (3). For definition of 
∆Azm input signal Avx= 0 is sent to ADC input and its equilibration is performed, as a result of 
which corresponding code combination Nzm is formed at the output. Accordingly Nzm is calculated 
Kzm by the formula (4). The code equivalent of final result of conversion (after selfcalibration) of 
input signal, BAP Avx is obtained accordingly (5). 

Let us define parameters of ADC with weight redundancy (for stationary and non-stationary 
conditions), proceeding from parameters of PA signals. It is carried out according to [9], [11], in 
particular, taking into account frequency range and values of BAP input signals. Thus it is neces-
sary to specify, that mentioned ADC can be manufactured on nonexact element base with certain 
deviations of digit weights from the rated value. So, we shall assume, that the value of measuring 
levels of BAP signals in Su-Jok and other therapies can be in the range of tens of MV (Amin) ac-
cording to [12] (in other therapies) up to tens of mV (Amax) as research show and according to [13] 
(in Su-Jok and other therapies). Thus dynamic range of active points signals (6), is equal to ap-
proximately 60 dB. Assuming, that the spectrum of the signal for all specified points coincides 
with the spectrum (from low frequency fn = 0 Hz up to high fv = 430 Hz) for PA, located under the 
skin in muscles (in other therapies) [12], we shall obtain frequency of digitization of converter (7) 
at the level of up to 1 KHz. The number of ADC digits on the basis of RISC (for example for 
α = 1.618) is calculated as (8), and n2 according to (9); n2 = 14 digits. Such word length – 
n2 = 10 digits (and dynamic range calculated for it is of the order of 60 dB) is one of typical for 
similar ADC in systems of activity evaluation of PA [13]. Using ADC on the base of RISC for 
α = 1.618 deviation of weights δQi of digits Qi of the converter from the rated value can make up 
to 23.6 %. In this case the number of n – m (where n = nα) of «exact» digits of ADC (which are not 
calibrated) is defined by the expression (10), where Q0 is defined from the expression (11); 
weights of other digits are calculated as in (12). Assuming, that the maximal value of BAP input 
signal for ADC Avx max = 100 mV, δQi = 0.03 Qi (deviation by 3 %) we shall obtain Q0 = 0.097 mV, 
the number of digits (n – m) equals 5. 
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One important feature of functioning of ADC on the basis of RISC is its ability to process 
"peaks" in BAP signals for definition of s parameter (both in stationary, and in non-stationary con-
ditions). Usage in this case of more high-speed converters (capable to process "peaks") of paral-
lel or parallel-serial types increases the quantity of the equipment and power consumption and 
consequently is not expedient. We shall assume, that such "peaks" (Fig. 1) are characteristic for 
all investigated active points in Su-Jok and other therapies [4] (in given case maximal change rate 
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of signal for the "worst case" is considered here) and coincide with "peaks" for specified hypo-
dermic PA [12] (Fig. 1b). Let's assume that «peak» has the form of a triangle, i. e. corresponds to 
triangular pulse. Such pulse is described by the function [14] (13). For our case τ = 2 ms and 
h = 10 MV whic
 ��� 
� ������� ����
�� ���� ���� ��������� ���
 ���������� �� �
� ����� ������

the maximal rate of signal change specified above ("worst case") which in its turn is obtained as a 
derivative (14) on the interval −τ < </ 2 0t  and is (15) f ' ( t )  = 10 mV/sec. For τ/2 (at "peak" cod-
ing) binary ADC having n2 = 10 digits and conversion time of Tper = 10 Ms which is characteristic 
feature for such devices will perform 100 transformations. Taking into account, that maximal ad-
missible change of input signal values (speed) for any binary ADC should not exceed (16) for 
Tper , we shall obtain resolution of transformation roughly in 6 bits. In its turn, ADC on the basis of 
RISC having nα = 14 digits (equivalent n2 = 10 digits), can process such signal with much greater 
speed, namely, γ20.7 shvn  time [9] (where γshv  = 3.79 — factor of converter speed increase with 

weight redundancy for α = 1.618), i. e. 30 times. It is equivalent to the increase of signal change 
rate at the input of ADC having nα = 14 digits as compared with binary γ20.7 shvn  time. Thus rate 

of signal change at the input of ADC can be equal (17). Hence, ADC on the basis of RISC will 
provide transformation of signals with speed 30 times greater than for binary converters (at the 
level of 10 bits). Owing to compensation of dynamic errors of the second order such converter al-
lows to process "peaks" in BAP signals without the device of sampling and storage. This in its 
turn simplifies analog part of IMS, reduces its cost and improves metrological reliability. 

Summing up the described above requirement and procedures it is possible to specify, that IIS 
blocks for operation in stationary and non-stationary conditions should perform such functions: 

ADC – measurement of values of biopotentials or BAP currents (that is definition of Hh), reali-
zation of selfcalibration. 

2) SDC – for stationary and non-stationary conditions calculation according to (2), definition: 
Hh, Kh, vh, vk, VHs, VKs,, s, ��min, ��max, thmin, thmax, ekmin, ekmax, tkmin, tkmax, for non-stationary condi-
tions (if necessary for stationary conditions) calculations according to (3)—(5); for both conditions 
— if necessary transformation of codes from RISC into binary for further more flexible evaluation 
of BAP activity by means of PC on the basis of specified 11 parameters; 

3) ROM – saving of the values ti, tj, � set«by default»; 
4) RAM – saving of values of the calibrated (real) weights Qi of ADC digits Kzm, current values 

ti, tj, � which are set by the user of IMS; saving for further visualization of the values of all 
11 parameters; 

5) D – visualization of all 11parameters of BAP activity; 
6) DDR – point 5 data recording on information carrier; 
7) CU – control of system operation; 
8) in PC, values of PA parameters obtained in the process of direct measurement or of written 

down prior by means of DDR can be transferred across IF for further processing in accordance 
with definite algorithms, mathematical models, suggested in [7]. 

Thus, the structure of measuring system, suggested by the authors, intended for evaluation of 
PA activity of the person in stationary of the person in stationary and non-stationary conditions will 
have the following form (Fig. 2). Operation of the system (see Fig. 2) is carried out in two modes: 
"basic"-mode of Hh determination (registration of current values or biopotentials of BAP), compu-
tation of Kh correspondingly during the above- mentioned periods T, ti, tj, determination of s; "aux-
iliary"-mode self calibration for SADC. In this case, it should be taken into account the following: 
self calibration in the system (for stationary and non-stationary conditions) must be performed in 
certain determined in practice time interval, during which environmental factors lead to deteriora-
tion of metrological characteristics of RISC-based ADC and information measuring system as a 
whole ƒd, calculated above for SADC for the system with n channels must be increased n times 
(n can be determined separately for each given case of IMS design, taking into account in num-
ber of BAPs needed for investigation. 

Diagram of IMS operation algorithm (see Fig. 2) for determination of basic Hh parameter is 
presented in Fig. 3. At y1 = 1 equilibration of input signal A is carried out (y1 = 0 — equilibration is 
not carried out). 
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1. Use of the offered measuring system enables more adequately to estimate activity of per-
son PA owing to the account of individual variations of parameters of active points, "peaks" in sig-
nals of acupuncture points, etc. in stationary and non-stationary conditions and, in particular: 

— considerably increase (30 times) speed of input signal of ADC change, with the purpose of 
coding of "peaks" of BAP signals (in stationary and non-stationary conditions); 

— To reduce average quadratic deviation of values of BAP parameters due to their averaging 
at repeated measurements (in stationary and non-stationary conditions); 

— To carry out procedure of selfcalibration of "kernels" IMS – ADC on the basis of RISC, and 
also to calibrate parameters of the whole measuring channel of the system. 

2. Use of ADC on the basis of RISC in the structure of IMS additionally allows: 
— to simplify the structure of analog part of the system and to reduce its cost owing to an op-

portunity of functioning of the given ADC without the device of sampling and storage; 
— to improve due to selfcalibration the stability of metrological characteristics of the system, 

without paying attention to the influence of environment factors in non-stationary conditions. 
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