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ELECTRONICS  

Study on the feasibility of pulse current sources for contact 
measuring of the conductivity of liquids 

Nikolay B. Nedev, Hristo Iv. Gigov 

 
Examined was the applicability of bipolar pulse current sources with a rectangular shape, zero 

mean and a series of positive pulse – pause – a negative pulse – pause as a supporting source for the 
contact measurement of the conductivity of fluids. Described is the principle of operation of the 
examined schemes (diagrams), and time charts are presented illustrating the operation of wiring 
diagrams and formulas describing the rate of the output current. Presented are the times for 
establishing, and transient processes of current pulses upon change in the load range from 10 ohms to 
10000 ohms and output current ± 500μA, consistent with the magnitude of the voltage and load 
resistance at working temperature range from 0 to 80oC. Reduced were simulation and experimental 
results and a comparison was made of the metrological characteristics of the considered diagrams of 
power sources. 

Изследване приложимостта на източници на импулсен ток за контактно измерване 
проводимостта на течности (Николай Б. Недев, Христо Ив. Гигов). Изследвана е 
приложимостта на биполярни източници на импулсен ток, с правоъгълна форма, нулева 
средна стойност и поредица от положителен импулс – пауза – отрицателен импулс – пауза в 
качеството на опорен източник при контактното измерване проводимост на течности. 
Описан е принципът на работа на изследваните схеми, представени са времедиаграмите 
поясняващи работата на схемите и формулите описващи големината на изходния ток. 
Представени са времената за установяване и преходните процеси на токовите импулси при 
изменение на товара в границите от 10 до 10000Ω и изходен ток ±500µA, съобразен с 
големината на захранващите напрежения и товарното съпротивление в работен 
температурен диапазон от 0 до 80°C. Приведени са симулационни и експериментални 
резултати и е направено съпоставяне на метрологичните характеристики на разгледаните 
схеми на източници на ток. 

 

I. Introduction 
In the method presented [2] with pulse current for 

contact measurement of the conductivity of liquids, 
the conductivity cell is fed with bipolar pulse current, 
with rectangular shape and a zero mean of the current, 
and for the conductivity one judges by the value of the 
voltage on the cell, as the supplying current is formed 
as a series of positive pulse – pause – negative pulse – 
pause etc.  

The application of the method imposes research on 
the influence of the parameters of current pulses on 
the precision of the measurement and in particular, on 
the energy dispersed in the conductivity cell. 
Researches have to be also complied with a number of 
conditions and restrictions related to the conditions of 

measurement, namely: used component base (the 
minimum duration of the plateau upon use of a 
scheme for sample-and-hold of varies around 20µs), 
the broad input measurement range (from 10 ohms to 
10000 ohms, respectively – 100mS/cm to 0,1mS/cm 
upon a constant of the conductivity cell 1), the 
operating temperature range ( 0 ... 80 оС), the rate of 
the output current (≤500uA, complied with the rate of 
the supply voltage with the rate of the supply voltage 
and the input measurement range) etc [4]. 

II. Analysis  
Subject of analysis are diagram solutions of bipolar 

current sources – Fig.1, Fig.3 and Fig.5 [4], [9]. For 
reduction of the influence of the component base on 
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the results, used were precise OpAmp (operational 
amplifiers) of low input polarizing current and low 
input voltage of asymmetry, darlington/field-effect 
transistors and resistors of a tolerance of 1 % and 
temperature coefficient 50ppm/оС.  

 

 
Fig. 1. Bipolar current source with OpAmp, transistor 

and an analog switch. 
 
For the output current of the diagram of Fig. 1, at 

which switching of the current to the load is 
implemented with the help of an analog switch, the 
following equation can be written: 
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where R2=R6, R3=R5,  R1=R8, |V2|=|V5|<|V1|=|V4|, 
and S2,4 and S1,3 adopt value of 0 or 1, depending on 
the control.  

Leading the current to the load is implemented by 
the sources of rectangular voltage V6 and V7, through 
the use of an analog switch with the help of which, 
unlike the diagram presented in [4], the supporting 
current source is switched consecutively to the load 
and an additional resistor, providing a continuous load 
of the source. 

The time chart of the leading is presented in Fig. 2.  
 

 
Fig. 2. Time charts clarifying the operation in Fig.1. 

Within the interval from t0 to t1 a rectangular pulse 
is formed by V6 with an amplitude of +5V and 0V 
coming from V7, at which analog switches 1 and 3 
close, and switches 2 and 4 open, at which the positive 
current source (OpAmp–U1, transistor Q1) is 
switched to resistor R4, and the source of negative 
current (OpAmp –U3, transistor – Q2) is switched to 
the load resistor RKK.  

Within the interval from t1 to t2, we have +5V from 
V6 and V7, at which on the load resistor there is zero 
current obtained. 

 Within the interval from t2 to t3 a rectangular pulse 
is formed from V7 with an amplitude +5V and 0V 
from V6, at which analog switches 2 and 4 close, and 
1 and 3 open, at which the source of positive current is 
connected to the load resistor RKK, and the source of 
negative current is connected to the resistor R7, after 
which everything is repeated. 

The use of such algorithm for switching of the 
sources of current to the load provides permanent load 
to the current sources, the latter don’t come to 
„saturation”, as the peak of the pulse presented in 
literature [4] is considerably lower. 

For the output current in the diagram of Fig. 3, one 
can write the following equation: 
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where R2=R5, R3=R4, R1=R6 and |V5|≤|V2|= 
|V4|<|V1|=|V3|. 

 
 

 
Fig. 3. Bipolar current source with OpAmp and 

transistor. 
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Fig. 4. Time chart clarifying the operation of the 
bipolar source of pulse current from Fig. 3. 

The switching of the current to the load is 
implemented by a source of rectangular voltage V5. A 
time chart of the management is presented in Fig. 4. 

Within the interval from t0 to t1, a negative pulse is 
formed from the rectangular voltage source V5 with 
amplitude of – 5V, at which on the load resistor a 
positive current pulse is obtained. 

Within the interval from t1 to t2, we have a zero 
value from V5, at which on the load resistor zero 
current is obtained. 

Within the interval from t2 to t3, a positive pulse 
from V5 is formed with an amplitude of +5V, at 
which on the load resistor a negative current pulse is 
obtained, and after that everything is repeated. 

For the output current in the diagram of Fig. 5, at 
which the load and the supporting source have a total 
mass, one can write the following equation:  

(3)  
21

35

.
.
RR
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I V
T −= , 

where R2=R9, R3=R8, R1=R10 and 
|V2|=|V4|<|V1|=|V3|. 

 The switching of the current to the load is 
implemented by a source of rectangular voltage V5. A 
time chart of the management is presented in Fig. 6.  

Within the interval from t0 to t1 a negative pulse is 
formed from the source of rectangular voltage V5 
with amplitude of -5V, at which on the load resistor a 

positive current pulse is obtained.  
Within the interval from t1 to t2 we have a zero 

value of V5, at which on the load resistor a zero 
current is obtained. 

Within the interval from t2 to t3 a positive pulse is 
formed from V5 with an amplitude of +5V, at which 
on the load resistor a negative current pulse is 
obtained, after which everything is repeated.  
 

 
 

Fig. 6. A time chart clarifying the operation of bipolar 
sources of pulse current from Fig. 5. 

Simulation studies 
Simulation studies are done using software product 

Multisim 11.0 of National Instruments, using also 
OpAmp of AD8510ARZ type, field-effect transistors 
PMBFJ177 and PMBFJ113, and bipolar ZTX705 and 
ZTX605, supply voltage:  

- for the diagram of Fig. 1: |V1|=|V4|=18V, 
|V2|=|V5|=10V and V3=+5V, V6 and V7 (control 
generators of rectangular voltage): 0,+5 V; 

- for the diagram of Fig. 3: |V1|=|V3|=18V, 
|V2|=|V4|=10V and V5 (reference generator of 
rectangular voltage): ±5V 

- for the diagram of Fig. 5: |V1|=|V3|=18V and 
|V2|=|V4|=10V and V5 (reference generator of 
rectangular voltage): ±5V. 

Reporting of the details upon the parametric 
analysis starts after the initial establishing of the 
diagram. 

 
 

Fig. 5. Source of current with two OpAmp and transistors. 



“Е+Е”, 3-4/2012 5

Fig. 7 presents increasing and decreasing fronts of 
the current pulse as in Fig. 7 a) there has been 
presented a positive output current pulse and Fig. 7 b) 
presents a negative output current pulse upon a 
resistor load of 1000 ohms. For a greater perspicuity, 
there is presented also the signal of the generator 
(monitor signal) superimposed on the data, without 
keeping priority. 

The time for establishing and the transitional 
process for:  

- the rising edge is 1,2µs, and for the falling edge is 
2,4µs, upon the positive current pulse – Fig. 7 a), and  

- the rising edge is 1,6µs, and for the falling edge is 
1,4µs, , upon the negative current pulse – Fig. 7 b). 
Fig. 8 presents the shape of the output current at a 
resistor load of 10 ohms for Fig. 1, and upon a resistor 
load of 10000 ohms for Fig. 3 with field-effect 
transistors. It is evident from the diagrams that upon 
use of an analog switch for switching of the current to 
the load, at the moment of switching a peak is 

 

a) 

 b) 
 Signal from the generator 
 For the diagram from Fig. 1, upon use of bipolar transistors 
 For the diagram from Fig. 3, upon use of bipolar transistors  
 For the diagram from Fig. 5, upon use of bipolar transistors  
 For the diagram from Fig. 1, upon use of field-effect transistors  
 For the diagram from Fig. 3, upon use of field-effect transistors 
 For the diagram from Fig. 5, upon use of field-effect transistors 

Fig. 7. Rising edge and falling edge of the current pulse for revised diagrams. 
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reached, due to the necessity of time, for which the 
analog switch to turn from switched off to switched on 
position, at which the source of current starts 
saturating itself (the current starts rising until the 
moment of switching, after which it falls to the set 
value). For avoidance of this defect, one can use the 
switch suggested in literature [10]. The influence of 
the switching capacity is presented in literature [11]. 
Deprived from these defects are the diagrams 
presented in Fig. 3 and Fig. 5. 

From the diagram presenting the shape of the 
output current for the diagram of Fig. 3 with field-
effect transistors, one can see self – excitation on the 
diagram which clearly distinguishes upon increase of 
the load resistor, due to the input capacity of the 
transistor. It is necessary to take additional measures 
for the decrease of the self – excitation, related to 
putting of a capacitor with a value of 220pF between 
the output of the OpAmp and inverting input. 

The time for establishing of the signal and the 

transient process, obtained from simulations for a 
resistor load of 10000 ohms, upon a rising edge is less 
than 4µs, and upon a falling edge it is less than 6µs, 
summarized for all revised curves.  

The shape of the output current upon a resistor 
load of 10 ohms to 10000 ohms for the other diagrams 
doesn’t have any change in time for establishing, the 
transient process and the plateau of the pulse, and for 
this reason they are not presented in Fig. 8. 

 Fig. 9 presents the shape of the current upon an 
operation temperature of 80оС, for the revised 
diagrams with field-effect transistors. As it is evident 
from the figure, there are peaks of the current upon its 
switching to the load, and a slight self – excitation for 
the diagram from Fig. 3, commented above. The shape 
of the output current upon change in the operation 
temperature from 0оС to 80оС for the other diagrams 
doesn’t change in time, as well as the transient process 
and the plateau of the pulse, and for this reason they 
are not presented in the curves. 

 
 

 For diagram from Fig. 1, at a load of 10 ohms 
 For diagram from Fig. 3, at a load of 10000 ohms 

  

Fig. 8. Shape of the output current, upon change of the load resistance. 
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Experimental studies 
Experimental studies are done at an ambient 

temperature of 23оС, using an ammeter GDM-8246; a 
decade with an opportunity for setting of a resistance 
of 1 ohm, with the help of which one sets the resistor 
load (simulating a conductivity cell) RКК, generator 
Instek SFG-2110, and an oscilloscope HAMEG 
HM2008; resistors with a precision of 1% TK50, 
OpAmp of AD8510ARZ type; transistors 
SSM6L16FE (TE85L,F) – MOSFET and BC847BPN 
– bipolar one, supplying a voltage of ±15V, ±12V and 
+5V.  

Fig. 10 presents the experimental results upon 
rising edge and falling edge of the current pulse upon 
use of MOSFET transistors, and a load resistance, 
respectively, for a load resistor of 1000 ohms, 
presented in  Fig. 10 a), and of 10000 ohms, presented 
in Fig. 10 b). It is evident from the curves that upon 
switching of the current to the load, there is an 
exponential delay (for the diagram of Fig. 3 and Fig. 
4), or rising (for the diagram of Fig. 1) of the edges of 
the pulse, commented above. The time for establishing 
measured during the experiment, and the transient 
process of the pulse of the current to the load for the 
diagrams presented, upon use of field-effect 
transistors and load resistor of 1000 ohms is less than 

6µs (total for rising edge and falling edge, and the 
delay of the pulse), and upon use of a load resistor of 
10000 ohms, it is less than 8µs. From the curve it is 
evident that the delay of the output current pulse for 
the diagram of Fig. 3 and Fig. 4 towards that of the 
diagram of Fig. 1, due to the way of switching/control 
of the current to the load. 

The method used for switching of the current to the 
load of Fig. 1 has a considerably smaller peak of the 
pulse than the one presented in literature source [4]. 
Fig. 11 presents a comparison of the edges of the 
pulses of the output for the diagram presented in Fig. 
1, and the diagram from literature source [4] – Fig. 1, 
upon a load transistor of 10000 ohms. It is evident, 
that the voltage at the peak reaches twice greater 
amplitude for the diagram from literature source [4] – 
Fig. 1, due to the fact that the unused source is 
saturated and upon its connecting to the load it comes 
out of its saturated mode more slowly. The curve 
presented in the present item has a slight exponential 
delay of the edge, due to some time necessary for 
establishing of the signal from minimum to maximum 
value. 

The peaks upon switching of the current to the load 
at the curves from Figure 1 is inadmissible from point 
of view of increase of the formation of voluminous 

 
 

 For diagram from Fig. 1 
For diagram from Fig. 3 
For diagram from Fig. 5 

 
Fig. 9. Shape of the output current upon an operation temperature of 80оС. 
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ion load on the surface of the electrode, an increase of 
the velocity of running of the chemical reaction 
commented in [5]; the curve from Fig. 3 with 
darlington transistors, and from Fig. 5 satisfy all 
requirements to the reference source of current for   
transformation of the liquid conductivity, for the 
method mentioned in [2], as they also have additional 
functionality for adjustment of the output current with 
the help of an amplitude of the input voltage. The 
latter is of particular importance for securing of the 
high requirements concerning the precision and the 
wide measurement range upon conductivity 
measurements. As a deficit, one can mark the 

necessity of bipolar voltage for adjustment, which 
additionally complicates the circuitry. For the curve 
from Fig. 3 with field-effect transistors it is 
necessary to take additional measures against self – 
excitation.  

Upon a time necessary for implementation of the 
measurement of 20µs, and total maximum time for 
establishing of the signal, and the transient process 
(from its minimum to its maximum value) less than 
10µs, the minimum duration of the current pulse is 
30µs, which would additionally decrease the 
polarization phenomena at a contact measurement of 
the conductivity of liquids. 

    а)   
 

    б) 
 

 For a diagram from Fig. 1 upon use of field-effect transistors 
 For a diagram from Fig. 3, upon use of field-effect transistors  
 For a diagram from Fig. 5, upon use of field-effect transistors  

  
Fig.10. Rising edge and falling edge of the current pulse upon use of MOSFET transistors. 
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 III. Conclusions 
The sources of bipolar current from Fig. 3 and Fig. 

5 have: a likelihood for switching of pulse current 
with a duration less than 40µs with a total maximum 
time for establishing of the signal, and the transient 
process of less than 10µs; high stability of current at a 
wide range of change in the load resistance from 10 
ohms to 10000 ohms; high temperature stability of the 
current upon change in the temperature from 0оС to 
80оС. 
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 Output current for the curve of Fig.1. Output current for the curve from literature 4. 
Fig. 11. Edges of the pulse for the diagrams of literature [4] and Fig. 1, at a load of 10000 ohms. 
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Electronically controllable active filters employing monolithic 
four-terminal current-feedback operational amplifiers 

Ivailo M. Pandiev 

 
In this paper two new electronically controllable voltage-mode active-RC filters are proposed. 

The first proposed circuit has two outputs (low-pass and high-pass) and employ two monolithic four-
terminal current-feedback operational amplifiers (CFOAs), grounded passive RC-elements and one 
CMOS digital potentiometer. The second circuit has three outputs (low-pass, high-pass and band-
pass) and uses three four-terminal CFOAs, grounded RC-elements and one dual digital potentiometer. 
The four-terminal CFОAs are special type of monolithic operational amplifiers and can be 
represented as a cascade structure of positive second-generation current conveyor (CCII+) and 
voltage buffer. The pole frequency of the filters can be tuned electronically in wide range via 
controllable digital code of the digital potentiometers. The presented active-RC filters are the results 
of a systematic circuit synthesis and can comparatively easily be derived from the well-known 
universal active-SC filters, which employ voltage-feedback operational amplifiers (VFOAs). The 
created CFOA-based filters possess the same sensitivity properties as their VFOA counterparts. The 
workability of the new active-RC filters has been demonstrated by PSpice A/D simulation results. 

Програмируеми активни филтри използващи четириполюсни операционни усилва-
тели с токова обратна връзка (Ивайло M. Пандиев). В статията са представени две нови 
електронни схеми на програмируеми активни филтри. Първата схема реализира ниско-
честотна и високочестотна предавателна функция, като съдържа два монолитни четири-
полюсни операционни усилватели с токова обратна връзка (four-terminal CFOAs), пасивни RC 
елементи и един CMOS цифров потенциометър. Втората схема реализира нискочестотна, 
високочестотна и лентова функция, като съдържа три четириполюсни CFOAs, пасивни RC 
елементи и един двоен CMOS цифров потенциометър. Четириполюсните операционни усил-
ватели с токова обратна връзка са специален вид монолитни операционни усилватели, които 
могат да се представят като каскадна структура от операционен усилвател на ток (CCII+) 
и повторител на напрежение (буфер). Полюсната честота на предложените филтри може 
да се променя в широки граници чрез управляващия цифров код на потенциометрите. 
Представените в статията схеми са получени въз основа на известните в литературата 
схеми на универсални активни SC-филтри, използващи операционни усилватели на напрежение 
(VFOAs). За създадените CFOA-базирани филтри коефициентите на чувствителност са от 
същия порядък като тези на VFOA- схемите. Работоспособността на новите активни RC-
филтри е демонстрирана чрез сравнение на сиулационните резултати изпълнени с PSpice A/D 
и резултати получени от теоретичен анализ на примерни схеми.  

 

Introduction 
In the past two decades, there has been a great 

emphasis on the design and realization of current-
mode first-order and second-order active-RC filters 
using second-generation current conveyors (CCIIs) 
and four-terminal current-feedback operational 
amplifier (CFOA with an accessible z -terminal). The 
four-terminal CFOAs are special type of monolithic 
operational amplifiers (op amps) and can be repre-
sented as a cascade structure of a positive second-
generation current conveyor (CCII+) and voltage 

buffer. The major advantages of the CCII-based 
circuits, compared to the conventional VFOA-based 
circuits, are that the CCIIs provide higher signal 
bandwidth with greater linearity and have larger 
dynamic range. Additionally, the bandwidth of the 
CCII-based circuits is almost independent of the pass-
band gain, as the two parameters can be separately 
modified using the passive elements in the negative 
feedback. Recently, several current conveyor-based 
universal active-RC filters were proposed in the lite-
rature [2], [3], [5], [6], [9], [10], [11], [12], [13], [14] 
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and [15]. In [13] it was demonstrated how positive 
and negative CCIIs can be used to realize KHN 
(Kerwin-Huelsman-Newcomb) structure. In [10] Se-
nani and Singh proposed an improved circuit of those 
given in [13]. Further improvements were proposed in 
[2] and [11], maintaining the basic principles intro-
duced in [10] and [13]. The universal filter, shown in 
[10], employs only grounded resistors. This is particu-
larly advantageous in facilitating electronic control of 
the basic parameters by replacing appropriate resis-
tor(s) with JFET. However, the electronic control of 
the parameters is not demonstrated in [9]. The elec-
tronically controllable biquad filters given in [2], [3], 
[5], [6], [9], [11], [12], [14] and [15] are based on a 
single dual output current-controlled CCIIs. The bene-
fits of these circuits are that (1) the quality factor and 
the pole frequency can be tuned electronically via the 
input bias currents within wide frequency range; (2) 
the function response can be selected by suitably 
selecting input signals, using an analog multiplexor; 
and (3) they using only grounded capacitors without 
any external resistors. The most of those circuits can 
simultaneously realize low-pass (LP), high-pass (HP), 
band-pass (BP), band-reject (BR) and all-pass (AP).  

The reported active-RC filters based on CCIIs 
suffer from one or more of the following drawbacks: 

1. A lack of electronic tuning [5], [10], [13]. 
2. Use of an extensive number of active compo-

nents [2], [5], [10], [11], [13], [14], [15]. 
3. Interdependency of the pole frequency and 

quality factor [2], [3], [6], [9], [12], [13],. 
4. Use of multiple-output positive/negative CCCIIs 

or use of both the positive and negative types of 
CCCIIs [2], [3], [6], [9], [10], [11], [12], [14], [13]. 

The goal of this paper is to present two new elec-
tronically controllable active-RC filters. The first cir-
cuit is with two outputs (LP and BP) and uses two 4-
terminal CFOAs, grounded passive RC-elements and 
one CMOS digital potentiometer. The second circuit 
is a universal active-RC filter and has three outputs 
(LP, HP and BP). This filter employs three 4-terminal 
CFOAs, grounded RC-elements and one dual CMOS 
digital potentiometer. The created two active-RC fil-
ters are generated from the classical universal active-
SC filters using active building blocks with VFOAs, 
reported in [4] and [16].  

PSpice simulation results for the new filters are 
given, which confirm the theoretical analysis. 

Four-terminal CFOAs 
The four-terminal CFOA (or CFOA with an acce-

ssible z -terminal) is equivalent to a CCII+ plus an 
output voltage buffer. These op amps have a high 

impedance non-inverting input y , a low-impedance 
inverting input x , a current output z  and the voltage 
output о. The port z  is between the first stage (CCII+) 
and the second stage (voltage buffer), where the resis-
tance is very high (magnitude of several mega ohms).  

The schematic representation of a four-terminal 
CFOA is shown in Fig. 1. For example, the monolithic 
op amps AD844, OPA615, OPA860 and OPA681 can 
be used as four-terminal CFOAs. In some of the 
available op amps, such as OPA615 and OPA860 the 
CCII+ is not internally connected to the output buffer. 
Moreover, for some of the four-terminal CFOAs the 
quiescent current 0I  of the CCII+ is set with an exter-
nal resistor ADJR , connected between pins Adj and the 
supply voltage −

SSV  (or ground). The resistor ADJR  
adjusts the transconductance xrS /1=  and allows op-
timizing the bandwidth and the voltage amplification. 

xi

xrS /1=

CCII+

z

y

x buffer 

1+ o

AdjR

Adj

 
Fig. 1. Symbol of a four-terminal CFOA. 
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Fig. 2. Linear macro-model of a four-terminal CFOA. 

The linear macro-model of the four-terminal 
CFOA, presented in Fig. 2, reflects the small-signal 
behavior of the real device. The model includes the 
following elements: input and output buffers (voltage 
followers); xi  – controlled current source; yr  and yC  
– input resistance and capacitance of the non-inverting 
input; xr  – resistance of the inverting input; zr  and 

zC  – output resistance and capacitance.  
For this CFOA the ideal relation between input and 

output voltages and currents can be given by the follo-
wing hybrid matrix 
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The parasitic resistance xr  at the terminal x  of the 
CCII+ can be expressed as 

(2)  02/ IUr Tx = , 

where TU  is the terminal voltage and 0I  is the bias 
current of the CCII+ that is tunable by the ADJR . 

The matrix representation given with (1) is valid 
only for ideal input and output buffers with unity gain. 

The four-terminal CFOAs have several important 
applications in the practice. For example, CFOAs are 
used in the realization of analogue computing current-
mode circuits, high-speed amplifiers, active filters, 
oscillators etc. The objective, described in this paper, 
is to demonstrate the usefulness of the monolithic 
four-terminal CFOAs, in the transformation of the 
classical universal active-SC filters, using active 
building blocks with VFOAs, into electronically cont-
rollable active-RC filters, employing CFOAs. 

Proposed configurations 
The proposed new configurations for active filters 

are obtained from the universal active-SC filter with 
three outputs (HP, BP and LP) given in [4] and [16]. 
This universal filter configuration includes three basic 
building blocks, namely inverting summer and two 
non-inverting SC-integrators, using VFOAs. Repla-
cing the input VFOA by the CFOA and the (one/two) 
non-inverting SC-integrators with non-inverting ac-
tive-RC integrators, as shown in Fig. 3, results in the 
new voltage-mode active-RC filters represents in Fig. 
4 and Fig. 5. 

 

 
Fig. 3. Non-inverting equivalent RC integrator circuit using 

four-terminal CFOA. 

First electronically controllable filter  – ARC1 
The proposed first electronically controllable 

active-RC filter, presented in Fig. 4 (ARC1), is a 
cascade structure of a non-inverting integrator (mono-
lithic CFOA 2А  with associated variable resistor ABR  
and capacitor C ) and one inverting summer (CFOA 

1А  with resistors 31 RR − ). One of the terminals of the 
resistors 31 RR −  is connected to the virtual ground 
node of the CFOA, as well as the passive elements of 
the integrator are connected to the ground. This is 
particularly advantageous in facilitating the electronic 
control of the time constant. The time constant (or the 
pole frequency) of this filter is electronically cont-
rollable via the digital code D  of the grounded digital 
potentiometer – 1P . Moreover, the terminal W  
(wiper) of the 1P  is connected to ground and the value 
of the programmable resistor  WBR  between W  and 
B  terminals is given by 

(3) ABABnWB qRRDDR ==
2

)( ,   

where nDq 2/= , n  is the resolution or “step size” of 
the potentiometer and ABR  is the nominal resistance 
between A  and B  terminals. 

The proposed circuit ARC1 has two outputs for the 
realization of first-order LP and HP functions. Consi-
dering CFOA to be characterized by the hybrid 
matrix, given in (1) the LP and HP functions realized 
by this circuit are given by 
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Fig. 4. Proposed  first- order active-RC filter configuration 

(ARC1) using two four-terminal CFOAs. 

are the pass-band gains. 
By substituting the value of the programmable 

resistor WBR  as depicted in (3) and by selecting 

321 RRR == , is obtained 

(7) 
CqRCRD ABAB

n

о
112

==ω .   

In this way the pole frequency оω  can be adjusted 
independently of the pass-band gain OH  by varying 
of the digital code throughout the range nD 20 ≤< . 

The relative sensitivity of the pole frequency and 
pass-band gain of the proposed circuit can be found as 

(8) 1
1

−=== ωωω oo
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o
RRC SSS ; 0

2
=ωo

RS ;

 1
3

=ωo
RS ;   

(9) 1
1

=OLPH
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2
−=OLPH

RS ; 0
3

=OLPH
RS and  

(10) 0
1

=OHPH
RS ; 1

2
−=OHPH

RS ; 1
3

=OHPH
RS . 

Therefore, all passive sensitivities are not greater 
than 1 in absolute value. 

Second electronically controllable filter  – ARC2 
The second proposed voltage-mode electronically 

controllable active-RC filter (ARC2) with three 
outputs (LP, HP and BP) employing three monolithic 
four-terminal CFOAs is shown in Fig. 5. This circuit 
is implemented by two non-inverting integrators, 
using two four-terminal CFOAs 2А  – 3А  (and asso-
ciated variable resistor ABR  and capacitor C ) and one 
inverting summer, realized with single CFOA 1А  and 
resistors 41 RR − . The capacitors and variable resis-
tors of the two integrators are all connected to ground, 

as they are in the first circuit. The electronic control of 
the time constants of the integrators is realized by the 
digital code D  of the digital potentiometers 1P  and  

2P . The values of the programmable resistors 1WBR  
and 2WBR  can be found by (2). 

By routine circuit analysis, the three transfer func-
tions of the proposed universal filter can be given as 
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(15) 
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is the quality factor (Q factor) and 

(16) 
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1

R
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2
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R
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2

3

R
R
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are the pass-band gains. 
In addition, the bandwidth ( BW ) for the BP 

response of the ARC2 can be expressed by 
(17) 12 ffBW −= , 

where 2
2

2,1 4
22

2
β+

β
±

β+
= off  ( Q/1=β ) are 

the pole frequencies of lower and upper band limits 
[16]. 

From (14) and (15), note that the pole frequency 
can be linearly adjusted by the digital code D  of the 
digital potentiometers without disturbing the quality 
factor Q , while the quality factor can be adjusted 
independently from the pole frequency by varying the 
resistor 4R . The bandwidth can be varied also by the 
resistor 4R  (i.e. varying the quality factor). By inc-
reasing the quality factor ( 707,0>Q ) is obtained 
peaking in LP and HP responses. The bandwidth for 
the BP response its narrows by increasing the quality 
factor, moreover the pass-band gain is increased.   

From (16), it can be remarked that the desired pass-
band gain OH  can be independently adjusted by the 
resistor 2R .  

Other advantages of the proposed circuits are that 
they have no sample-data effects (increased clock 
feedthrough noise, reduced PSRR and aliasing errors) 
and they are better suitable for high frequency appli-
cations in comparison with the active-SC filters. 
These benefits follow from the mode of operation of 
the proposed filters. The created active-RC filters are 
basically continuous-time electronic circuits employ-
ing CCIIs − [4], [7] and [16].  

Moreover, the configuration in Fig. 5 is using 
small number of active elements (three monolithic 
CFOAs), compared to the KHN circuits, given in [2] 
and [10], which include extensive number of positive 
and negative CCIIs (five CCIIs; two of them act as 
buffers − [2]).  

A simple circuit analysis yields the following 
sensitivities: 

(18) 5,0
2121

−==== ωωωω ooo

WB

o

WB CCRR SSSS ;

 5,0
1

−=ωo
RS ; 0

42
== ωω oo

RR SS ; 5,0
3

=ωo
RS , 

(19) 5,0
31

−= Q
R

Q
R SS ;  0

2
=Q

RS ; 1
1

=Q
RS ;  

0
2121

==== ωωωω ooo

WB

o

WB CCRR SSSS ,   

(20) 1
1

=OLPH
RS ; 1

2
−=OLPH

RS ;

 0
43

== OLPOLP H
R

H
R SS ,    

1А

BPv

2R

HPv
4U

1U

4R

3R

y

x

о

iv

z

+CCII Buffer
3U

5U

LPv

1R

2U

x

о

z

+CCII Buffer

y

ABR
B

А

W

D

pot
C

x

о

z

+CCII Buffer

y

ABR
B

А

W

D

pot
C

2А
3А

1P

2P

 
Fig. 5. Proposed universal active-RC filter configuration (ARC2) using three four-terminal CFOAs. 



“Е+Е”, 3-4/2012 15 
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(22) 1
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RS ; 1

3
=OHPH

RS ;

 0
41
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R

H
R SS .    

Thus, the sensitivities of оω , Q  and ОH  to 
passive components are small. 

The above analytical formulas, as a result of the 
theoretical analysis, are the base of the design proce-
dure of the universal active-RC filter with CFOAs 
(ARC2). The basic design equations are given by 

(23) CCC == 21     31 RR =

 
C

RR
о

WBWB ω
==

1
21  34 QRR = ;  

(24) in case of low-pass : 12 RHR OLP= ,  

in case of band-pass : 42 RHR OBP=   

or  

in case of high-pass : 32 RHR OHP=  .  

In these design equations is taken into account that 
the two digital potentiometers 1P  and  2P  are imple-
mented with one dual potentiometer, as 21 ABAB RR =  
and the position of the wipers (W), defined with the 
digital code D  are equal, i.e. 21 WBWB RR = . Other 
design equations are possible due to the available 
degrees of freedom, but are not discussed here. 

Simulation results and discussion  
To verify the theoretical analysis, various circuits 

of the proposed active-RC filters, were simulated with 
PSpice A/D. The operation of the ARC1 and ARC2 
has been analyzed using a single monolithic op amp 
OPA860 (from Texas Instruments) used as a four-
terminal CFOA, biased with V5± . The digitally 
controlled variable resistors were constructed using 
the CMOS dual digital potentiometer AD8402 (from 
Analog Dev.), biased with V5+  single power supply. 
The IC AD8402 is with nominal resistances 

Ω== kRR ABAB 121  and has 256 positions of the 
wipers. 

The active-RC filter (Fig. 5) example was designed 
for the starting pole frequency kHzfo 10=  and the 
quality factor 707,0=Q  based on the Butterworth 
approximation method [16].  

Capacitors nFCC 1021 ==  were chosen. Other 
parameters are: Ω=== kRRR 4,1321  and Ω= kR 14 . 
The values of the op amp OPA860 for Ω= 250ADJR   
are approximately: mAI о 2,11=  and Ω= krz 54 , 

pFC z 2= , Ω= kry 455 , pFC y 1,2= , Ω= 8xr , 
Ω= MR buffi 1,  and Ω= 4,1,buffoR . For computer 

simulation the OPA860 [8] and AD8402 [1] company 
macro-models were used. Using these active and 
passive components the frequency range can be varied 
from around kHz16  to around MHz3,1  by adjusting 
of the controlling digital code D . The quality factor 
can be varied from approximately 0,707 to over 12,5 
by adjusting of the resistor 4R  and the pass-band gain 

ОH  of the circuit can be varied from dB0  (+1) to 
dB20+  (+10) by 2R . 

The electronic tuning of the pole frequency was 
checked for the values of digital code D  chanced to 
64, 32 and 16, the corresponding values of of  were 
found to be kHz71,61 , kHz72,119  and kHz8,225  
respectively. The simulation of the circuit is perfor-
med within PSpice A/D program (from OrCAD). To 
calculate the frequency characteristics at different 
digital code, ac parametric analyses are implemented 
within the frequency range from kHz1  to MHz10 . The 
simulation results shown in Fig. 6a, 6b and 6c are the 
LP, BP and HP amplitude-frequency responses for the 
three values of the digital code D . The simulated 
values of the pole frequencies of  are kHz85,60 , 

kHz22,115  and kHz58,220 , respectively. The maxi-
mum error between calculated values of of  and 
simulation results is not higher than 2,5%. This error 
is due to the non-inverting input resistance xr  of the 
chosen CFOAs. Moreover, it can be seen that the 
frequency of  can be tuned electronically without 
affecting the quality factor, as analyzed in (14) and 
(15). At low frequencies ( kHz100< ) the maximal 
error is not higher than 1,5%. For the high frequencies 
(above kHz100 ) the error is higher than 1,5% due to 
the parasitic capacitances of the digital potentiometers 
and the CFOAs. 

By varying 4R  to be Ωk1 , Ωk4  and Ωk10 , only 
the quality factor is changed, as shown in Fig. 7. This 
confirms that the quality factor can be adjusted by the 
resistor 4R , which is independent of the of .  

The concrete values of the Q -factors, obtained 
from the amplitude-frequency responses in Fig. 7 are: 
0,716, 2,779 and 7,027. The corresponding calculated 
values of this parameter from (15) are: 0,714, 2,857  
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a) 

 
b) 

 
c) 

Fig. 6. Amplitude-frequency response of the proposed 
universal active-RC filter: a low-pass, b band-pass, c high-

pass. 

 
Fig. 7. BP amplitude-frequency responses for different 

values of 4R . 

and 7,142. Furthermore, the maximal error between 
simulation results and calculated values for the Q-
factor is %2< . 

Figure 8 displays the amplitude-frequency respon-
ses of low-pass functions for the different values of 
the resistor 2R : Ωk4,1 , Ω280  and Ω140 . It is shown 
that the pass-band gain || OLPH  of the response can be 
adjusted independently by the 2R . The maximum 
error between calculated values of the || OLPH  (accor-
ding to formula (16)) and simulation results is lower 
than 1%. These SPICE simulation results confirm the 
workability, as well as electronic controllability of the 
created active-RC filters. 

 

 

Fig. 8. LP amplitude-frequency responses for different 
values of the resistor 2R . 
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Conclusion 
Two new voltage-mode active-RC filters using 

monolithic CFOAs are presented. These circuits pro-
vide the following benefits: (1) simultaneous realiza-
tion of LP, BP and HP responses for the three-output 
ARC2 filter (simultaneous realization of LP and HP 
responses for two-output ARC1 filter); (2) electronic 
controllability of the pole frequency via digital code 
of grounded digital potentiometer; (3) employment of 
both grounded capacitors; (4) independent adjustment 
of  all the three parameters – pole frequency, quality 
factor and band-pass gain; (5) use of a small number 
of active and passive elements; (6) low impedance 
outputs enable easy cascading in voltage-mode ope-
ration. The created active-RC filters have been tested 
with monolithic op amp OPA860, obtaining good 
behavior for low and high frequencies. 

In fact, the proposed circuits add new configu-
rations to the existing group of electronically tunable 
active-RC filters with CCIIs and should be useful in 
offering some new features to the analog designers. 
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Characterization of hydrogen bonding network in  
Cadence using Verilog-A 

Elitsa E. Gieva  

 
In this paper signal transfer (proton transfer) in hydrogen bonding networks is studied for 

microelectronic applications. The network is extracted from β-lactamase protein and it includes atoms 
from protein backbone and water molecules. The proton transfer model in hydrogen bonds is 
developed on the basis of Marcus theory and it is coded in Verilog-A hardware description language 
for behavioral modeling. DC and transient analyses of the hydrogen bonding network are performed 
in Cadence and the results are compared to previous Matlab analyses. The simulation shows that the 
characteristics of the hydrogen bonds are similar to the I-V characteristics of well-known 
microelectronics elements such as diode, tunnel diode, transistors. The entire network is similar to a 
microelectronic circuit with two inputs and two outputs and it can be used for signal transfer. 

Анализ на мрежа от водородни връзки с Cadence (Елица Е. Джиева). Преносът на 
сигнал в мрежите от водородни връзки е изследван с цел използването им в 
микроелектрониката. Мрежата е екстрахирана от протеина β-лактамаза и включва атоми 
от основните вериги на протеина и водни молекули. Моделът на протонен пренос във 
водородните връзки е разработен на основата на теорията на Маркус и e описан с език за 
описание Verilog-A. Направени са постояннотоков и времеви анализ на мрежата от водородни 
връзки със системата за проектиране Cadence и сравнение с предишни изследвания в Matlab. 
Изследванията показват, че  характеристиките на водородните връзки са сходни с волт-
амперните характеристики на вече познати микроелектронни схеми и елементи като диод, 
тунелен диод или транзистор. Цялата мрежа наподобява микроелектронна схема с два входа 
и два изхода, която може да пренася сигнал. 

 

Introduction 
The fundamental element of molecular electronics 

is the molecular device (MD) or the supramolecular 
device [1], which is an organized molecular system, 
constructed mainly by organic molecules or 
biomolecules that have some specific functions in 
signal detection, process, storage, and transmission 
through chemical or physical interactions at molecular 
or supramolecular levels. It can involve chemical 
information processes, and be relatively easy to 
realize a large number of links between the molecules. 
The links can be controlled by the external signals. 
There are many expected features of molecular 
computing which directly involve chemical and 
biological processes. MD may overcome some 
limitations of the solid-state chips, and can be directly 
applied to chemical and biological processes. Mainly 
based on a variety of organic materials, various 
functional devices can be designed and constructed 
such as ultrafast charge-transfer systems and three-
dimensional storage. Besides, a large number of links 

between the different molecular units may relatively 
easily be realized in MD, and the links can be 
controlled by an external signal. Molecular electronics 
is a part of bioelectronics 

MD could involve chemical information processes 
with nonlinear dynamic properties, which are 
important in a biological information system. Sensors 
can be built as a part of devices for detecting chemical 
and biological molecular information. The devices can 
be fabricated through bottom-up route instead of the 
top-down route. In principle, it has no submicron 
limitation in the device fabrication. MD can be 
designed and fabricated to construct molecular 
information systems based on different computing 
principles and architectures such as discrete logical 
computation, non-discrete dynamic evolutionary 
computation, cellular automation, and artificial neural 
network, etc. On one hand, the realization of a 
biocomputing system will be dependent on the 
development of molecular devices. On the other hand, 
making an investigation of the biocomputing principle 
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can help one understand what kind of designs and 
features a molecular device should have for use in 
future computers, and guide the device researches in 
seeking proper molecules and structures to meet the 
requirement of the computing system. 

In this paper signal transfer in a hydrogen bonding 
networks (HBN) is studied with respect to 
applications to micro- and nanoelectronics. The 
network extracted from β-lactamase protein [2] is 
investigated. The model of proton transfer in 
hydrogen bonds is developed based on Marcus and 
electrostatic theories [3]. It has been proved that the 
proton transfer parameter (the proton current, 
respectively) and the donor/acceptor electrostatic 
potentials depend on the pH that changes with the 
electrostatic potential of the donors and acceptors. 
Based on its hydrogen bonding network a block-
element circuit [4] that models its behavior is coded in 
Matlab [5]. In the model circuit each donor and 
acceptor is substituted by electronic block-element; 
the proton transfer parameter is juxtaposed to 
electrical current and the electrostatic potential of 
donor/acceptor atom is juxtaposed to electrical 
voltage. The preformed static and dynamic 
simulations showed that the circuit works similarly to 
real electronic elements like diodes, tunneling diodes 
and transistors. Logical next step is to make a model 
of the hydrogen bonding network using CADENCE 
[6] CAD system using Verilog-A hardware 
description language [7]. 

The block-elements that replicate the functions of 
hydrogen bonding networks are connected in a 
microelectronic circuit that is analogues to “proton 
network”. Static and dynamic analyses on the 
analogues circuit are made in Matlab. Matlab is a very 
convenient tool for model implementation. The 
Matlab model code can be converted to SPICE-like 
simulation code for electrical circuits, which can be 
next applied in CAD design systems such a Cadence. 

In our case the microelectronic circuit is realized in 
Cadence Spectre. Its output characteristics are similar 
to the output characteristics of hydrogen bonding 
networks that include water molecules. The 
simulations of the modeled circuit in Cadence are 
comparable to the results obtained with Matlab. The 
hydrogen bonding network is shown on Figure 1. On 
Figure 2 it is shown a circuit analogous to the circuit 
from Figure 1 but realized with block-elements. And 
the realization of this circuit in Cadence is shown on 
Figure 3. 

Circuits 
The network on Figure 1 is extracted from β-

lactamase protein and it contains residues from protein 
and water molecules. The model of proton transfer in 
hydrogen bonds is developed on the basis of Marcus 
and electrostatic theories. 

The proton current, which flows through hydrogen 
bonding networks, depends on the change of acidic 
environment (pH) controlled by the electrostatic 
potential of donors and acceptors. Thus, we also 
account for the flow of protons – the proton transfer. 

The subject of this paper is the hydrogen bonding 
network formed between the protein’s main chain and 
the water molecules. The hydrogen bonding network 
on Figure 1 is taken from [4]; it shows connections 
between the elements. On Figure 2 is shown 
microelectronic circuit emulating a hydrogen bonding 
network from Figure 1. 

 

 
Fig.1. Hydrogen bonding network, where N is nitrogen 

atom of methionine residue (MET69), O is oxygen atom of 
water molecules W (297, 302), leucine residue (LEU169) 

and aspartic acid residue (ASP179). 

In this hydrogen bonding network (shown in 
Figure 1) MET69N and W302O residues have strong 
proton donor properties and can be compared to 
voltage/current sources in micro- and nanoelectronics. 
The LEU169O residue is a strong proton acceptor 
properties and analogy can be accepted for adder of 
two signal and output for the circuit. The heavy atoms, 
forming the hydrogen bonds, are represented by three- 
and four-terminal networks. Each three-terminal 
network has equal input and output voltages and 
different currents.  

 

 
Fig.2. The respective circuit that emulates the function of 

the network in Fig.1. 

On Figure 2 it is illustrated the circuit analogous to 
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the hydrogen bonding network that is realized as 
combination of thee- and four-terminal block-
elements which is investigated in [2]. The I–V 
characteristics of the block-elements are analogous to 
K–V characteristics of the hydrogen bonds in [2]. The 
current (I) of each block-element represents the proton 
transfer parameter (K) of each hydrogen bond and the 
voltage of each block-element represents the donor 
(acceptor) electrostatic potential (El. pot. [V]). 

 

 
Fig.3. Circuit analogues to previously in Figure 2 but 

realized in Cadence. 

The circuit of Figure 3 is developed in Cadence 
[7]. It is similar to the circuit from Figure 2. The 
block-elements are described in Verilog-A hardware 
description language. The current and voltage 
relations are expressed by polynomials of different 
orders. Some of the block-element equations in 
Verilog-A are given below. The rest of the equations 
are similar to these.  

 
Equations of block-element T1 analogous to 

MЕТ69N: 

U1 = Uin 

I1 = (-2*10-6*U1
6 + 2*10-6*U1

5 + 3*10-5*U1
4 -6*10-

5*U1
3 - 10-6*U1

2 + 4*10-5*U1 + 0.0018)*10-12; 

I1 and U1 are output currents and voltages of block-
element Т1. He represents three-terminal block-
element and is analogues to residues MET69N; here 
the range of the input voltage is defined by the 
potential on MET69N. 

 
Verilog-A code: 
// VerilogA for M6, MET69N, veriloga 

`include "constants.h" 
`include "discipline.h" 
module MET69N (x, y, g); 
inout x, y, g; 
electrical x, y, g; 
electrical Vin; 
parameter real R = 1.0; 
analog 
 

   begin 
   V(Vin) <+ V(x, g); 
   V(y) <+ V(Vin); 
   I(x, y) <+ 10e-12*(-2*10e-
6*V(y)*V(y)*V(y)*V(y)*V(y)*V(y)+2*10e-
6*V(y)*V(y)*V(y)*V(y)*V(y)+3*10e-
5*V(y)*V(y)*V(y)*V(y)-6*10e-
5*V(y)*V(y)*V(y)-10e-6*V(y)*V(y)+4*10e-
5*V(y)+0.0018); 

   end 
endmodule 
 

DC analysis 
The DC analysis is performed using input voltage 

from -2 to +3 V in Cadence. 
The results are compared to previous investigations 

of the hydrogen bonding network in Matlab [4]. 
Output graphics from DC analysis are shown on 

Figures 4 to 6. 
 

 
a) 

 
b) 

Fig. 4. The output current of block-element Т1 verses input 
voltage. 

The simulations show that the results from 
Cadence simulations are similar to the results from 
Matlab simulations. 

On Figure 4 the graphics of the output currents are 
similar to the graphics of a diode. 
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a) 

 
b) 

Fig.5. Output current at first output verses time а) in 
Matlab b) in Cadence. 

On Figure 5 the curves of output currents on the 
one hand are similar to the characteristics of tunneling 
diode and on the other hand they are similar to single-
electron transistors [8]. 

 

 
a) 

 

 
b) 

Fig.6. Output current at second output verses time а) in 
Matlab b) in Cadence. 

On Figure 6 the graphics of the output currents are 
similar to the output characteristics of transistors. 

On all Figures (Figures 4-6) it can be observed that 
the form of the curves is identical. There is no 
difference between magnitudes of measurements. The 
only difference is in the first output of the circuit: the 
current from Cadence simulation has negative values, 
while that of Matlab is positive at all time. The 
difference is due to the simulation environments used. 
Matlab calculates mathematical models only, while 
Cadence accounts connections between single block-
elements, Kirchhoff’s law and Ohm’s law, and the 
need of the load at the output to be able to flow 
through it the output current and to be measurement. 
All this differences in the simulations environments 
lead to differences in the shape of the curves of 
voltages and currents.  

Transient analyses 
The transient analysis is performed by feeding 

sine-shaped input voltage with amplitude of +2.4 [V] 
and frequency of 1 [MHz]. The Matlab simulation 
results are taken from [4]. The comparison of Matlab 
and Cadence results is given in Figures 7 to 11. The 
maximum operating frequency of the hydrogen 
bonding network is around 100 GHz like in Matlab 
simulations but since Cadence uses 0.35 μm 
technology it restricts the frequency of simulations to 
1 [MHz]. That is the basic difference between 
Verilog-A circuit and the hydrogen bonding network 
simulated in Matlab. 

The input voltage in both simulations (Figure 7a, 
b) has sinusoidal waveform and equal amplitude, but 
with different frequency. 
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а) 

 
b) 

Fig.7. Input voltages verses time а) in Matlab b) in 
Cadence. 

 
а) 

 
b) 

Fig.8. Output voltages at first output verses time а) in 
Matlab b) in Cadence. 

 
а) 

 
b) 

Fig.9. Output voltages at second output verses time а) in 
Matlab b) in Cadence. 

The output voltages from the Cadence simulation 
are similar to the output voltages from Matlab 
simulation both in form and value. There is no 
difference between the graphics (Figures 8 and 9). 

The current at the first output from simulation in 
Cadence (Figure 10b) is with similar shape to the 
current from Matlab simulation (Figure 10а). The 
magnitude of values is same, but have differences at 
negative values appeared in results from simulation in 
Cadence. The demonstrated difference is due to the 
simulation environments used. Spectre simulator is 
unable to override the laws and technology rules of 
design kit. In Cadence simulation the block-elements 
are not ideal elements, hence they have intrinsic 
resistance.  

 
а) 
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b) 

Fig.10. Output current at first output verses time а) in 
Matlab b) in Cadence. 

 

 
a) 

 
b) 

Fig.11. Output current at second output verses time а) in 
Matlab b) in Cadence. 

The current in the second output of the Cadence 
circuit (Figure 11b) has the same shape and same 
order of magnitude like the current in the second 
output of the Matlab circuit (Figure 11а). In this 
output the values of current in the both simulations do 
not differ – they are always positive.  

The circuit realized in Cadence behaves like the 
circuit modeled in Matlab. 

Conclusion 
The tested circuit in Cadence Spectre simulator 

represents the properties of a hydrogen bonding 
network. The developed behavioral model and the 
performed DC and transient analyses showed that the 
network is analogous to diode, tunnel diode and 
transistors. The circuit can successfully transfer 
signals despite of its extremely small sizes. From the 
simulation results it can be concluded that proteins 
and their hydrogen bonding networks are one of the 
best candidates for future bioelectronic devices. 
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Design of spectrum analyzer system based on analog  
and mixed signal processing 

Eltimir Ch. Stoimenov, Georgy Sl. Mihov, Ivailo M. Pandiev 

 
This paper presents a model of a spectrum analyzer system based on analog and mixed signal 

processing. This model uses a modified version of Fourier Transform (FT) known as Short Time 
Fourier Transform (STFT). STFT differs from the classic FT in that the input function (signal) is 
multiplied with a window function, which splits the signal in to small portions. After that the portions 
are processed by ordinary FT. The block diagram of the designed spectrum analyzer system is based 
on synchronous detector unsusceptible to the signal phase. The main blocks of the system are 
input/output memory, DDS function generator, analog multipliers, non-inverting integrators, absolute 
value circuit and controlling sub-system. The realization of the spectrum analyzer system is planned to 
be based on Field Programmable Analog Arrays (FPAA) and Field Programmable Gate Arrays 
(FPGA). The pairing of FPAA and FPGA devices provides a compact and versatile bio-signal 
acquisition platform for design of complex electronic systems. To confirm the proper operation of the 
proposed model a series of simulations with OrCAD PSpiceA/D and Matlab Simulink are performed. 
The obtained simulation results demonstrate the basic theoretical relations.  

Проектиране на спектрален анализатор с аналогова и аналогово-цифрова обработка 
на сигналите (Елтимир Ч. Стоименов, Георги Сл. Михов, Ивайло М. Пандиев). В тази ста-
тия е представен модел на спектрален анализатор базиран на аналогови и аналогово-цифрови 
(смесени) схеми за обработка на информацията. Този модел използва модифициран вариант 
на Фуриеровата трансформация (ФТ), наречен Фуриерова Трансформация в Краен времеви 
Интервал (ФТКИ). Методът ФТКИ се различава от класическата ФТ по това, че входният 
сигнал предварително се умножава с т.нар. прозоречна функция в резултат, на което сигна-
лът се „раздробява” на части. След това тези части се подлагат на обикновена ФТ. Блокова-
та схема на проектирания спектрален анализатор се базира на използването на синхронен де-
тектор, нечувствителен към фазата на входния аналогов сигнал. Основните сегменти на бло-
ковата схема са входни/изходни памети, DDS функционален генератор, аналогови умножите-
ли, неинвертиращи интегратори, схема за изчисляване на абсолютна стойност и подсистема 
за управление. За реализацията на спектралния анализатор се планира да бъдат използвани 
основно програмируеми аналогови и цифрови матрици, съответно FPGA и FPAA. Комбинация-
та от FPGA и FPAA елементи осигурява компактна и многофункционална платформа за про-
ектиране на сложни електронни системи с приложение за обработка на биологични сигнали. 
За проверка на работоспособността на предложения модел са изпълнени серия от компютър-
ни симулации в средата на OrCAD PSpiceA/D и Matlab Simulink. Получените симулационни ре-
зултати потвърждават основните математически зависимости. 

 

Introduction 
Fourier analysis is a very well known topic in the 

mathematics and has a huge application in science and 
engineering. In mathematics, the Fourier analysis is a 
subject area which grew from the study of Fourier 
series. The subject began with the study of the way 
general functions can be represented by sums of 
simpler trigonometric functions. 

The Fourier analysis is named after Joseph Fourier, 
who showed that representing a function by a 

trigonometric series greatly simplifies the study of 
heat propagation. In fact, the efforts to represent 
arbitrary functions with trigonometric series have 
begun very long time ago. A primitive form of 
harmonic series dates back to ancient Babylonian 
mathematics, where they have been used to compute 
ephemerides (tables of astronomical positions) [1]. 

As a matter of fact many mathematicians like 
Alexis Clairaut, Joseph Louis Lagrange and Gauss, 
are involved in the development of the trigonometric 
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series theory. So what is the particular contribution of 
Joseph Fourier? Some historians state that the main 
merit of Joseph Fourier was his insight to model all, 
but not only some functions by trigonometric series. 
He published his idea in the 1807 paper “Mémoire sur 
la propagation de la chaleur dans les corps solides“ 
(Memoir on heat propagation in solid bodies) [2, 3]. 
Later on it appears that the function should satisfy the 
Dirichlet conditions. 

It could be said that the FT is a mathematical 
operation that decomposes a signal into its constituent 
frequencies. A good example for FT is if we apply it 
to a musical chord. The result is a mathematical 
representation of the amplitudes of the individual 
notes that make up the chord. The original signal 
depends on time, and therefore is called the time 
domain representation of the signal, whereas the FT 
depends on the frequency and is called frequency 
domain representation of the signal. 

The FT is from great importance in signal 
processing application where FT is applied mainly by 
using purely digital methods like FFT, which are 
implemented on microprocessors and Digital Signal 
Processor (DSP) devices. 

Mathematically FT could be described with the 
equation 

(1) ∫
∞

∞−

ξπ−
∧

=ξ dxexff ix2).()( , 

for every real number ξ. 
In Eq. (1) the function )(xf  is the original 

function and the variable x is usually time, measured 

in seconds. On the other hand )(ξ
∧
f  is the transformed 

function, where ξ has a meaning of frequency in 
Hertzs (Hz). Under certain conditions the inverse 
process is also possible and )(xf  could be 

reconstructed by the )(ξ
∧
f  function 

(2) ∫
∞

∞−

ξπ
∧

ξξ= defxf ix2).()( , 

for every real number ξ. 
Eq. (2) is known as Inverse Fourier Transform 

(IFT). As it can be seen from Eqs. (1) and (2) the 
straight and inverse FT differ only by the sign in the 
exponent. 

There are other forms of FT representation. Of 

particular interest is the case when the argument of 
∧
f  

is the angular frequency ω, rad-1 the formula is 

(3) ∫
∞

∞−

ω−
∧

π
=ω dxexff ix).(

2
1)( . 

The inverse transform is given by 

(4) ∫
∞

∞−

ω
∧

ωω
π

= defxf ix).(
2
1)( . 

In the general case mathematical tasks involving 
FT and IFT is solved by computers. In this order the 
Discrete Fourier Transform (DFT) was introduced. 
DFT allows digital devices like, DSPs and Field 
Programmable Gate Array (FPGA) to implement the 
FT 

(5) ∑
−

=

π
−

=
1

0

2N

n

kn
N

i

nk exX  for k = 0,1, …, N-1. 

In Eq. (5) the input signal should be discretized 
firstly. Then the computation takes place over some 
finite number N of samples. The Inverse DFT (IDFT) 
is given by the following equation 

(6) ∑
−

=

π

=
1

0

21 N

k

kn
N

i

kn eX
N

x  for n = 0,1, … , N-1. 

It should be noted that equations (5) and (6) are 
never used in computer. Instead more efficient 
algorithms known as Fast Fourier Transform (FFT) 
were developed. FFT algorithms could dramatically 
reduce the resources needed by the computing 
machines and is considered as one of the most 
important algorithms of our life time [4]. 

Mathematical model of a spectrum analyzer 
Of course all the digital methods for solving the FT 

including the FFT are from great engineering 
importance. Nevertheless the development of a 
method for solving FT in its continuous, but not 
discrete form could possess some advantages, like 
improved performance. 

We will present an approach for implementation of 
the FT using its continuous form. The realization of 
this method is based on analog and mixed electronics 
circuits. We will define an ‘analog core for FT 
computations’ as a device which performs FT on the 
input analog signal with purely analog circuits like 
summators, multipliers, etc. The core operation will 
be based on Eq. 1. 

As it can be noted from the formula, the integration 
limits are in infinity. This fact makes its realization 
impossible. Therefore we have to use a modified 
version of FT known as Short Time Fourier 
Transform (STFT) [5]. STFT differs from the classic 
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FT in that the input function (signal) is multiplied 
with the so called window function, which splits the 
signal in to small portions. After that the portions are 
processed by ordinary FT. STFT is described by the 
equation 

(7) ∫
∞

∞−

ξπ−τ−ω=ξτ≡ dxexxffxfSTFT ix2).().(),(ˆ)}({ . 

In Eq. (7) )( τ−ω x  is the window function, which 
is not equal to zero only for a finite interval [ ]ba;  

(8) 
[ ]
[ ]





∉

∈
=ω

bax

baxA
x

;,0

;,
)( , 

where A is a function or number not equal to zero. 
There are many types of window functions used in 

the practice like the Hann, Hamming, Gaussian, etc. 
The rectangular window function is the simplest one 
and can be described with the following expression 

(9) 
[ ]
[ ]τ+τ+∉τ−

τ+τ+∈τ−
=τ−Π

bax

bax
x

;)(,0

;)(,1
)( . 

Graphically Eq. 9 is shown on Fig. 1. 

 
Fig.1. Rectangular function. 

The resulting function is identical to the input 
signal inside the window and zero elsewhere. 
Depending on the parameter τ the window function 
slides along the x and multiplies with the input signal. 
This can be observed on Fig. 2. It should be noted that 
if the windows overlap each other some useful effects 
could be achieved. However in analog and mixed 
signal processing the overlapping will result to more 
complex realisation. Also the overlapping requires 
more computation time and memory [6].    

 
Fig. 2. Signal multiplied with rectangular window. 

If we put Eq. 9 in Eq. 7 we can write 

=τ−Π=ξτ ∫
+∞
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∧
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In expression (10) the integration limits are now 
finite, as our goal was. Also Eq. (10) shows that the 
transformed function dependents not only on the 
frequency ξ, but on the time parameter τ as well. This 

means that ),( ξτ
∧
f  carries information about the input 

signal in the frequency and time domain 
simultaneously. This type of transforms is called time-
frequency.  

Nevertheless Eq. (10) is still unrealizable as the 
multiplier ξπ− ixe 2  is complex. This means that we have 
to modify the equation in a way in which the real and 
imaginary parts are separated. In this order we will 
use the Euler equation: 

(11) xixeix sin.cos += . 

Based on equations (10) and (11) we can write 

∫
τ+

τ+

∧
−ξπ=ξτ

b

a

dxxxff )...2cos().(),(  

(12) ∫
τ+

τ+

ξπ
b

a

dxxxfi )...2sin().( . 

Finally Eq. (12) is physically realizable. A 
particular interest is the length of the integration 
interval [ ]ba; . On the one hand it is necessary the 
interval to be short enough, so the signal can be 
considered as stationary (with constant frequency) 
inside the interval. On the other hand the more 
precisely we know the signal in the time domain 
(short integration interval), the less precisely we know 
it in the frequency domain (the spectrum will be 
blurred) [7, 8]. This resolution problem which is 
closely related with the Heisenberg uncertainty 
principle is valid for all time – frequency transforms. 
In the case of the STFT the length of the integration 
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interval (thus the frequency resolution) is constant. 
This may be considered as a drawback of the STFT 
technique. In this order a multi-resolution methods 
such as Wavelet transform were introduced. Wavelet 
and STFT are used for spectral analysis, but there are 
two basic differences between them. Firstly Wavelet 
is not using complex exponents (sinus and cosinus) to 
represent the input signal. This means that another 
basis function like ‘Mexican hat’ or ‘Morlet function’ 
could be used. Secondly the window function interval 
is changed during the computation process so different 
resolution for different frequencies is achieved. In the 
case of Wavelet a better time resolution is used for the 
lower frequencies components and a better frequency 
resolution is used for the higher frequencies 
components. Excellent overview of Wavelet technique 
could be found in [7]. We should mention that 
theoretically it is possible to realize the Wavelet 
transform using the proposed analog and mixed signal 
processing technique. Nevertheless we chose STFT 
for verification because of its easer realization. 

 
Fig. 3. Linear frequency sweep - frequency vs time plot 

(a), sinusoidal signal with sweep (b). 

Eq. (12) will be used as a base for designing of the 
analog computing core. One may observe that the 
input signal should be multiplied with sinusoidal 

)...2sin( ξπ x  and cosinusoidal )...2cos( ξπ x  signals. 
The arguments x and ξ represent the time and 
frequency respectively and in the general case they are 
independent variables. The realization of the two 
signals is possible by using the so called frequency 
sweep. The term ‘frequency sweep’ means that the 

frequency of a given signal varies with time. As an 
example linear frequency sweep is shown on Fig. 3. 

Finally a few words about the amplitude and phase 
spectrums should be said. By definition the spectral 
function (or spectral density) of the function )(xf  is 
given by the following equation 

(13) ∫
∞

∞−

νπ−=νσ dxexf ix2).()( . 

As it can be seen this is the straight FT of the 
function )(xf .  

The modulus of the spectral function is called 
amplitude spectrum: )(νA :  

(14) )()( νσ=νA  

The argument of the spectral function, taken with 
negative sign, is called phase spectrum: )(νϕ :  

(15) )(arg)( νσ−=νϕ  

Design of spectrum analyzer system 
A spectrum analyzer measures the magnitude of an 

input signal versus frequency within the full frequency 
range of the instrument. The main application is to 
measure the power of the spectrum of known and 
unknown signals. 

Spectrum analyzer types are dictated by the 
methods used to obtain the spectrum of a signal. There 
are swept-tuned and FFT based spectrum analyzers. 

The swept-tuned spectrum analyzer uses a 
superheterodyne receiver to down-convert a portion of 
the input signal spectrum (using a voltage-controlled 
oscillator and a mixer) to the center frequency of a 
band-pass filter. The FFT based spectrum analyzers 
firstly discretize the input signal and then a 
microprocessor applies a FFT algorithm so the 
spectrum could be obtained. There are also hybrid 
techniques which exploit the both concepts 
simultaneously [9]. 

We are going to introduce different approach for 
spectrum extraction based on Eq. 12 and Eq. 14. In 
[10] these types of electronic circuits are classified as 
synchronous detectors unsusceptible to the signal 
phase. 

Block diagram 
Fig. 4 reveals the block diagram of the spectrum 

analyzer system. The diagram is based on Eq. 12 and 
Eq. 14 and detailed description of the individual 
blocks is given below. 

Input memory and Output memory blocks: These 
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blocks allow the storage of the input or the output 
signal respectively. Nevertheless memorizing these 
signals is optional and it is not absolutely required. 

DDS block: This block is responsible for 
generating of a sine and cosine signals with variable 
frequency needed by the analog processing part. 

Multiplier and Integrator blocks: These blocks are 
implemented directly from Eq. 12. They handle with 
part of the signal processing required for the spectrum 
analysis.    

Absolute value block: The absolute value block 
extracts the module of the transformed complex 

function ),( ξτ
∧
f . In such a way the amplitude 

spectrum is obtained. 

 
Fig. 4. Spectrum analyzer block diagram. 

Controlling block: The controlling block manages 
the system operations and should be able to restart the 
integrators after every measurement cycle, to control 
the memory blocks and to set the output frequency of 
the DDS generator. The controlling block will be 
implemented with a microprocessor.  

Realization method 

After the block diagram is introduced the next step 

is the system realization. First of all we should note 
that the analyzer will be targeted to the biomedical 
signals placed in the frequency range from dc up to 
1 kHz. The system physical realization is planned to 
be based on Field Programmable Analog Arrays 
(FPAA) and Field Programmable Gate Arrays 
(FPGA), respectively. This approach allows us to 
reduce significantly the development time, because 
the FPGA and FPAA are fully programmable 
integrated circuits (ICs). Moreover the frequency 
bandwidth of the input signals is sufficiently narrow 
and allows the usage of this type of ICs.   

As a hardware platform we will use two 
development boards: 

1) Spartan-3E Starter Kit from Xilinx Inc: The 
board is equipped with 500k gates FPGA. It possesses 
variety of digital and analog input/output ports, RS-
232 port and plenty of other peripheries [11]. 

2) AN231K04-DVLP3: Anadigm Apex 
Development Board from Anadigm Inc: The board is 
based on AN231E04 FPAA device. AN231E04 has 4 
dynamically configurable analog blocks (CAB) [12]. 
By using the specialized software tool called 
AnadigmDesigner 2 an arbitrary analog schemes 
could be implemented in the FPAA. 

As our system relies on analog and mixed signal 
processing we propose all the blocks from Fig. 4 that 
conducts mathematical operations to be realized with 
analog circuitry. In that order the blocks for 
multiplication, integration and square root will be 
implemented in the FPAA. On the other hand the 
DDS generator, the input and output memory blocks 
and the controlling block will be implemented in the 
FPGA. 

It should be mentioned that for experimental 
purposes we will realize the analyzer from Fig. 4 in 
two variants. The first variant is identical to the block 
diagram. In the second variant the integrators are 
replaced with Low-pass Filters (LPFs) with very low 
cut off frequency. This circuit is described in great 
details in [10, 13, 14]. 

Microblaze processor 

The controlling block from Fig. 4 mastering all the 
system operations. The main responsibilities of this 
block are: setting the output frequency of the DDS 
generator so a frequency sweep could be formed; 
writing the input and output analog signals in the 
memory blocks; restarting the integrators at the end of 
every measurement cycle; handling the user interface.  

In order to execute all these tasks the 
microprocessor core is implemented in the FPGA and 
an appropriate program algorithm should be 
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developed. Internet offers a great diversity of soft 
processor cores. After some investigation we chose 
Microblaze processor from Xilinx Inc. as controlling 
block of our system. The MicroBlaze core is a 32-bit 
RISC Harvard architecture soft processor with a rich 
instruction set optimized for embedded applications. 
The MicroBlaze processor, allows complete flexibility 
to select the combination of peripheral, memory and 
interface features that will give the exact system 
needed. In addition Xilinx offers complete set of 
software development tools so the processor could be 
synthesized and programmed conveniently by the 
user. 

The block diagram of the Microblaze processor is 
shown on Fig. 5. The processor is interfaced with 
some external devices like the DDS generator, push 
buttons, LCD and RS232 interface for PC connection. 

 
Fig. 5. FPGA – Block diagram. 

Also the processor is equipped with rich set of 
periphery including timers, SPI interface (for 
communication with an external ADC and DAC), 
UART and etc. 

The processor program algorithm is shown on 
Fig. 6. The algorithm is divided in two individual 
parts. The first part is the main processes. These 
processes are looped and constantly executed by the 
processor. They include: forming frequency sweep for 
the DDS generators, transferring the data from the 
DDS to the DAC through the SPI interface and lastly 
acquiring data from the ADC. The second part is the 
interrupt events. The interrupt events are executed 
only when demanded by the periphery devices. They 
are mainly related with the user interface activities 
like pushing a button or RS 232 request. 

The processor firmware is mainly developed with 
VisualSTATE from IAR Inc. VisualSTATE is a 
commercial PC application which allows the user to 
create a firmware using state machines. The main 
advantage of using VisualSTATE is the ability to 
create program algorithms graphically. Graphical 
programming is especially suitable for development of 
embedded firmware and allows the engineers to 
partially replace the classical text based programming. 

 
Fig. 6. Processor software algorithm. 

Graphical user interface program 
The user will communicate with the system by a 

Graphical User Interface (GUI) program that will be 
specially created for this purpose. The program is 
under development and the initial version is planned 
to be capable to visualize the spectrum information 
obtained by the system. Also the user will be able to 
control some of the important system parameters. The 
program is based on LabView 2010 and its control 
panel is shown on Fig. 7. 

 

Simulation results and discussions 
In order to prove the working capability of the 

proposed system a series of simulations with OrCAD 

 
Fig. 7. Graphical user interface program developed 

with LabView. 
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PSpiceA/D and Simulink were conducted. The test 
circuit for simulations is based on the synchronous 
detector given in [14]. The first simulation was made 
with sinusoidal input signal having amplitude 1 V and 
frequency 20 Hz. The spectrum of the output signal 
V(out) is shown on Fig. 8. 

Here fval placed on the x axis is a parameter and 
shows the current frequency (in Hz) of the sinusoidal 
and cosinusoidal voltage sources. As can be seen the 
maximum of the spectrum of the output signal has 
amplitude equal to 520 mV and it is positioned at 
20 Hz. 

                    

         

    

    

    

    

  
Fig.8. Resulting spectrum of sinusoidal input 

signal
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Fig. 9. Input signal composited by two sinusoids (a) and 
its spectrum (b). 

The second simulation is performed with a 
complex signal composed by two sinusoidal signals 
(shown on Fig. 9a) with amplitude 1 V and frequency 
of 20 Hz and 50 Hz. The spectrum of the output signal 
V(out) is shown on Fig. 9b.  There are two clear spikes 
located at 20 Hz and 50 Hz with amplitude of 
500 mV. These results confirm the accurate behavior 
of the mathematical model of the spectrum analyzer. 

The last simulation, shown on Fig. 10, is 
conducted with a typical electrocardiographic (ECG) 
signal, sampled with 250 Hz and amplified 1000 
times. The global maximum is approximately 
positioned at 6,6 Hz and has an amplitude of 413 mV. 
Each of the local maximums are situated 2 Hz apart 
from the previous one. 

                                 

      

    

    

  

      
а) 

         

       

    

    

    

   

   

                  
b) 

Fig. 10. ECG input signal: time (a) and frequency (b) 
plots. 

Fig. 11 shows simulation results obtained with 
Simulink (Matlab). From top to bottom are shown: the 
sinusoidal and the cosinusoidal signals with frequency 
sweep, the input sinusoidal signal and the last plot is 
the spectrum representation (in the time domain). The 
peak in the spectrum appears at the moment when the 
frequencies of the input signal and the sweeping 
sinusoidal and cosinusoidal signals coincident. There 
is a good agreement between the simulation results 
obtained with Simulink and results obtained by 
OrCAD PSpice. 
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Fig. 11. Simulink simulation results for sinusoidal input 

signal.  

Conclusion 
Typically spectrum analyzers are used for 

extraction of the frequency information from the time 
spaced input signal. Generally nowadays spectrum 
analyzers rely on digital signal processing like FFT. 
This paper introduced different approach for spectrum 
analysis. The method is based on analog and mixed 
signal processing. Although analog processing used to 
be widely used in the past, after the introduction of the 
computer machines they almost vanish from the 
electronics field. Nevertheless analog processing 
could possess certain advantages over the digital 
approaches like improved performance, reduced 
power consumption and cost. The proposed method 
was simulated and the results show good agreement 
with the theoretical expectations. Our next intention is 
to implement the method in analog and mixed signal 
hardware so physical experiments could be conducted. 
As the implementation will be relatively complicated 
we are going to use FPAA and FPGA devices which 
are fully programmable and allow easier realization. 
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Wearable computer as an embedded system-in-a-package 

Slavka S. Tzanova  

 
A System-in-a-package (SiP) generally contains a variety of systems such as analog, digital, op-

tical and Micro Electro Mechanical Systems, integrated in a system-level package connected through 
a substrate. In this article we propose a SiP model and the packaging implementation of the SiP as a 
complete microsystem. Wearable computing places tighter constraints on architecture design than 
traditional mobile computing. The architecture is described in terms of miniaturization, power-aware-
ness, global low-power design and suitability for an application.  

Компютър за носене на човешкото тяло в изпълнение SiP (Славка Цанова). Компют-
рите, предназначени за носене на човешкото тяло, или “носените компютри” поставят 
строги ограничения за дизайна на архитектурата в сравнение с традиционните мобилни ком-
пютри. Архитектурата е специфична от гледна точка на миниатюризация, мощност, общо 
проектиране за ниска консумирана мощност и годност за конкретното приложение. Една 
система в пакет/в корпус (SiP) обикновено съдържа различни видове схеми и системи като 
аналогови, цифрови, високочестотни и микро-електромеханични системи, свързани чрез под-
ложката и интегрирани в една система на ниво пакет/корпус. В тази статия ние предлагаме 
модел и монтажна конструкция в изпълнение SiP на многосензорен “носен” компютър в мини-
атюрно изпълнение. 

 

Introduction 
Miniaturisation, long term performance, often low 

production costs are important for most of the elec-
tronic products of present generation. With increasing 
functionalities of chip functions electronic packaging 
has become extremely complex and crucial for the 
successful performance of the complete system. Most 
of the electronic packaging modules require low cost, 
high performance, high speed, good manufacturabil-
ity, environmental compatibility last but not the least, 
long term reliability. In a System-in-a-Package (SiP) 
normally the objective is to combine many or all of 
the electronic requirements of a functional system or 
subsystem into one package. Within a great variety of 
SiP's, we focus on SiP's which size ranges from sev-
eral centimetres to one millimetre or even smaller. 
The system may include a diversity of components 
like passives, RF shields, connectors, solar cells, bat-
teries, micro power generators etc. 

A SiP package differs with a System on Chip 
(SoC) technology [1], [2] where all the functionalities 
of the system are realised on a single chip. SiP has the 
advantage that each IC can be optimised for its func-
tion in terms of design, and wafer fabrication process 
[3]. Generally using a SiP solution has the following 
advantages from the design point of view. 

1) SiP solutions often have reduced routing com-

plexity and layer count. It is possible to move the 
routing from the motherboard to substrate. Especially 
in complex designs this saves the time during the de-
sign phase. 

2) SiP solutions allow reducing the power con-
sumption by shortening the line lengths between IC's, 
which in turn reduces the capacitive load. 

3) With in a SiP it is often possible to place 
memory and logic chips close to each other, allowing 
to increase the data speed enhancements from an Ap-
plication-Specific-Integrated-Circuit (ASIC) or Cen-
tral-Processing-Unit (CPU) to memory. 

4) In Radio Frequency (RF) and wireless SiP, 
package is treated as a part of the circuit, which makes 
it possible to enhance the circuit function through the 
package design and materials selection.  

Related Work 
In previous works with respect to the development 

of microsystems packaging a sequential buildup, 
stacking and assembly technique was proposed using 
Liquid-Crystal-Polymers (LCP) and FR-4 as base 
materials [4]. Works with Textile substrate materials 
[5], flex [6] were also reported. Usage of LCP and 
LTCC was proposed in the LIPS project [7] where the 
primary focus was to develop demonstrators for high 
frequency applications. High resistivity doped silicon 
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for high frequency local area network standard appli-
cations in Europe (HIPERLAN IV) was also proposed 
[8]. Apart from these, Packaging and Reliability 
studies for different applications from the works of 
KTH Sweden [9], [10], Georgia Tech Microsystems 
packaging centre [11], Michigan Wireless Integrated 
Microsystems group [12], The NSF advanced pack-
aging research centre, University of Colorado, Boul-
der [13]. Majority of the studies were limited to the 
area of interest for a particular application where ei-
ther substrate material or package layout is fixed and 
vice versa. 

This initiated authors to look more into the devel-
opment of a package model (Fig.1). Since we are in-
terested to realise complete microsystems with inte-
grated components, these studies can help us to design 
a miniaturised package(s) with different modules such 
as analog, digital, communication, RF, power and 
memory modules. 

Paper Contributions and Organisation 
Now a days many sensor systems exist in the 

world, you can find them everywhere around us. The 
sensors are the connection between the real and the 
virtual world. These systems can exist in different 
forms and dimensions. But the sensor systems made 
to be integrated in the cloths have to be designed by 
the criteria of wearability. Those wearable sensor 
nodes have to observe and recognize the activities and 
the environment of the object.  For this reason minia-
turized low-power signal processing algorithms have 
to be implemented to run in real-time at low power 
levels. Wearable computing is the missing part be-
tween the human world and the existing mobile de-
vices. 

We pursue the vision of autonomous sensor nodes, 
seamlessly integrated into the user’s outfit, to recog-
nize activities and context in daily life situations. This 
vision implies that the wearable sensor nodes should 
be extremely small and consume so little power that 
no power source change is required for several months 
to years. Working towards this vision, the previous 
work of our group in collaboration with ETH-Zurich 

[14] dealt with issues such as, activity recognition us-
ing low-power features and classifier algorithms, op-
timization of power and size in a multi-sensor context 
recognition platform, development of hybrid micro 
power supply to achieve autonomous behaviour, elec-
tronic packaging aspects of an ultraminiaturized wear-
able Sensor Button I (Fig.2), reliability modelling of 
embedded systems. The main aspect which sets us 
aside from the work done by other groups in the field 
of personal and ubiquitous systems is the focus on con 
text aware wearable systems. 

 

 

Fig.2. Sensor Button I 

The development of the wearable computing and 
the microelectronic technology require a new design 
of the Sensor Button, including future miniaturization, 
new components and more sensor integration, with 
complete covering of the criteria of wearability. To 
achieve a new complete context recognition system, 
new motion sensors have to be added.  In this direc-
tion, Sensor Button 2 is able to integrate more motion 
sensors and the possibility to have physiology sensing. 
This Sensor Button 2 allows making one big step to-
ward to the future of the wearable computers, a step to 
one complete, fully integrated, MCM based /Multi 
Chip Module/ system. 

In this new version of Sensor Button, we focus the 
attention in the sensor integration (sensors per metric 
unit). With this criterion of measure we can evaluate 

 
Fig.1. Microsystem package with communication, analog, digital, RF, memory and power modules. 
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and show the future development of the wearable sen-
sor systems. The sensor integration in the wearable 
systems depends mostly of the development of the 
sensors and the complexity of the recognition tasks. 
The simple dependency, more sensors – more possible 
activities to be recognized, pushes a lot of organiza-
tion to focus of development of these systems.  

The small, low power, on-body networks allow a 
real time observation of the object. For this reason 
these on-body networks have to be always on, to pro-
vide useful information for the behaviour, the activi-
ties and the environment in different subjects. In this 
way one system combination of accelerometer, mag-
netic field sensor, gyroscope and microphone could be 
used for complete 3D recognition of the activities 
(hand moving, going upstairs, going downstairs, run-
ning etc.). 

System Design 
The design of Sensor Button 2 (Fig. 3) consists of 

three principal subsystems: MCU/RF Unit (Micro-
controller and Radio Frequency Unit), Sensors and 
Power Supply Unit. 

MCU/RF Unit is a CC2430 Wireless microcon-
troller with combination in one system on chip the tree 
existing subsystems on the diagram – Analog-to-
Digital Converter /ADC/, Microcontroller /uC/ and 
Radio Frequency Unit /RF Unit/. 

Microcontroller core in CC243 is an industry-
standard enhanced 8051 MCU, 128 KB flash memory, 
8 KB RAM, 12-bit ADC with up to eight inputs and 
configurable resolution, шwo powerful USARTs with 
support for several serial protocols and 21 general I/O 
pins, two with 20mA sink/source capability. 

Radio Frequency Unit is a 2.4 GHz IEEE 802.15.4 
compliant RF transceiver. The transmission output 
power is software configurable for up to 16 power 
levels. 

Sensors 
Motion Sensor AMI601 integrates a 3-axis mag-

netic sensor and a 3-axis accelerometer with their 
controller IC in a single small package. The 3-axis 
magnetic sensor consists of 3 magneto-impedance 
sensor elements set in mutually orthogonal position. 
The 3-axis accelerometer consists of three sets of a 
magneto-impedance sensor and a micro magnet on a 
cantilever to detect acceleration, with the three sets in 
mutually orthogonal position. 

The controller IC of the AMI601 consists of a cir-
cuit for detecting the magnetic signals from the 6 MI-
sensor elements, an amplifier capable of compensating 
each sensors offset and setting appropriate sensitivity 
values, a temperature sensor for measuring the ambi-
ent temperature, a 12bitAD converter, an I2C serial 
output circuit, a constant voltage circuit for power 
control and a 8032 micro-processor controlling each 
circuit. 

Integrated Dual–Axis Gyro IDG-300 is an angular 
rate sensor (gyroscope). It uses InvenSense’s proprie-
tary and patented MEMS technology with vertically 
driven, vibrating masses to make a functionally com-
plete, low-cost, dual-axis angular rate sensor. All re-
quired electronics are integrated onto a single chip 
with the sensor. 

The IDG-300 gyro uses two sensor elements with 
novel vibrating dual-mass bulk silicon configurations 
that sense the rate of rotation about the X - and Y-axis 
(in-plane sensing). This results in a unique, integrated 
dual-axis gyro with guaranteed-by-design vibration 
rejection and high cross-axis isolation. 

The IDG-300 gyro includes integrated electronics 
necessary for application-ready functionality. It incor-
porates X - and Y-axis low-pass filters and an 
EEPROM for on-chip factory calibration of the sen-
sor. Factory trimmed scale factors eliminate the need 

 
Fig. 3. Basic System Architecture 
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for external active components and end-user calibra-
tion. 

The scale factor of the gyroscope depends on the 
amplitude of the mechanical motion and the trim set-
ting of the internal programmable gain stages. The os-
cillation circuit precisely controls the amplitude to 
maintain constant sensitivity over the temperature 
range.  

Microphone AKU2004 is a surface-mountable 
CMOS MEMS Digital-Output Microphone which is 
ideal for use in microphone array applications where a 
high degree of noise immunity is required. The 
AKU2004 integrates an acoustic transducer, analog 
output amplifier, and a 4th_order sigma-delta modu-
lator on a single chip. The output of the microphone is 
pulse density modulated (PDM); a single-bit digital 
output stream that can be decimated by a digital filter 
in downstream electronics. The digital output is more 
robust than the low-level analog output signals of the 
standard ECM and therefore saves significant time 
and expense in system design and eliminates the de-
pendence on shielded cables for signal routing. 

Power Supply Unit combines battery and low volt-
age boost converter TPS61201 from Texas Instru-
ments. The amount power consumption is calculated 
in the base of absolute maximum ratings of the com-
ponents. The average maximum peak current con-
sumption is 40mA. 

The power consumption will be reduced by the 
optimization of the appropriate working algorithm. 
Because of the digital output sensors, feedback from 
the microcontroller allows to be made instate of the 
continuous working time of the sensors. 

Sensor Integration 
One of the most important criteria to evaluate the 

existing sensor platforms is the sensor integration. In 
term of wearable computing we use the sensor inte-
gration in meaning of sensors per 3mm . To show the 
future development of the wireless sensor platforms 
and to situate the Sensor Button 2, we made this 
graphic in base of some existing platforms.  

From Fig.3 we can see the evolution in the wireless 
sensor systems. The next step for our research will be 
a MCM based Sensor Button. 

Miniaturization of the System 
The wearable sensor nodes should be extremely 

small and consume so little power that no power 
source change is required for several months to years. 
Working towards this vision, the previous work dealt 
with issues such as [14], activity recognition using 
low-power features and classifier algorithms, optimi-
zation of power and size in a multi-sensor context rec-

ognition platform, development of hybrid micro 
power supply to achieve autonomous behaviour, reli-
ability modelling of embedded systems in wearable 
computing, detailed systematic approach considering 
wearability and power consumption for selecting op-
timized architectures with respect to power consump-
tion. 

The first Sensor Button system consisted of a 
number of different modules, assembled in one pack-
age. The elements of this module were: sensors 
/including analog output and digital output sensors/, 
analog to digital converter (ADC), microcontroller 
(uC), radio frequency unit (RF Unit) and power sup-
ply (Fig. 3 and 2).  

The presented Sensor Button II (Fig. 4) enlarges 
the number of activities to be recognized (identified) 
and is miniaturized in 3D. A motion sensor (3-axis 
magnetic sensor and a 3-axis accelerometer) and an 
integrated dual-axis angular rate sensor (gyroscope) 
are included in the system and a  microphone as well. 
The next step is to add a physiological sensing. 

In Fig. 2 we can see also the division of two ways 
of sensing – sensors with analog outputs and sensors 
with digital outputs. This division based on the sensor 
progress has the tendency of miniaturization of the 
analog part. The miniaturization of the analog part 
minimizes the power consumption and in the same 
time simplifies the required amplifiers and analog to 
digital converters. The new concept of wireless mi-
crocontrollers combines the radio frequency /RF/ Unit 
and the microcontroller core. This provides possibili-
ties for integration of more functions in one package. 
The dimensions of Sensor Button II (Fig. 4) are: di-
ameter 25 mm, thickness: ~6mm. The criteria of 
“wearability” and functionality will be completed with 
the possibility of integration in a MCM. 

 

 
Fig. 4. Prototype of Sensor Button II. 

Conclusion and Future Work 
The new Sensor Button represents one complete, 

wearable system with large recognition possibilities. 
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This new version gives the possibilities to study a 
huge number of activities. This version gives the bases 
of the new era in wearable sensor platforms – the Sen-
sor Button implemented as a SiP. 

We are focusing our attention now in the thermal 
design and optimisation of the Sensor Button. 
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Algorithm for denoising parameters selection with wavelets 

Emil Iontchev 

 
MEMS inertial sensors distinguish with a high noise level. This noise consists of low and high 

frequency components, which influence the measurement values. The high frequency noise is recog-
nized as a Gaussian white noise, while the low frequency one has a high correlation value. The wave-
let transformation is an effective method for the signal denoising. The selection of the appropriate pa-
rameters for the denoising process depends from the signal source and its statistic parameters. The 
paper discusses an algorithm which may select the optimal parameters for the denoising process of 
the accelerometer signals. 

Aлгоритъм за избор на параметри за обезшумяване на сигнали с уейвлети (Емил 
Йончев). Инерциалните сензори произведени по технологията микроелектромеханична 
система притежават в изходният сигнал относително високо ниво на шум. Този шум 
съдържа нискочестотна и високочестотна част. Тези две компоненти се комбинират и 
въздействат върху точността на измерванията, правени с тях. Високочестотните 
шумове имат характеристики на бял шум, докато нискочестотните се характеризират 
като корелирани шумове. Ефективни методи за премахване на бял шум предлага уейвлет 
преобразуването. Изборът на подходящи параметри за обезшумяване зависи от вида на 
сигнала и неговите статистически параметри. В статията се предлага алгоритъм, с 
който може да се направи оптимален избор на необходимите параметри на процеса на 
обезшумяване на сигнали от акселерометри.  

 

Introduction 
The main error sources of the microelectromechani-

cal systems (MEMS) inertial sensors are recognized as: 
null offset error (bias) ab , gain error К, integral and dif-
ferential nonlinearity and misalignment  pT , specific 
force F and output noise ne . The influence of these 
errors may be written by the equation [1]  

(1) ( ) na
p ebFTKA ++=

−1  . 

The output signal from the MEMS sensors when 
they are installed on the vehicles are non-stationary 
ones. The noise reduction of these signals is based on 
the wavelet transformation. The achievement of the 
high level of effectiveness requires an optimal choice 
towards the following directions: choice of the suit-
able type of wavelet, choice of the signal decomposi-
tion method, definition of the decomposition level, 
definition of the threshold value and choice of the 
method to apply the defined threshold value. 

The choice of the wavelet function and the signal 

decomposition methods are described at [2]. There are 
several methods for the threshold calculation. Mainly 
they are developed by Donoho and I Johnstone [3, 4, 
5]. The different threshold values may be written 
according to the equation: 

(2)  δλ=th   

where δ  - the valuation of the noise level. Some of 
the criteria the selection of the λ  value are known as 
BayesShrink, VisuShrink, SureShrink, minimax [3,6]. 

Lots of these methods are integrated in the 
MATLAB environment [2] according to the functions 
'rigrsure', based on the Stein's Unbiased Estimate of 
Risk, 'sqtwolog', based on VisuShrink method, 
'heursure' which is a combination of the first two 
functions, 'minimaxi' based on minimax method, 
'Birgé and Massart' which as a variant of the 
methods with fix thresholds. 

The threshold value may be applied according to 
both methods: “hard” or “soft” threshold [7],[8]. The 
“hard” threshold remains the signal unchanged if the 
absolute signal level is higher than the selected 
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threshold th or is set to 0 otherwise:  

(3) 
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This method conducts to the higher signal 
oscillations if the signal is corrupted. The method 
according to the “soft” threshold is recommended 
because of its better mathematical properties. It is 
defined according to equation: 

(4) 
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In this case the additional noise is gradually 
reduced. 

The selection of the decomposition level depends 
from the signal dynamics. The decomposition level of 
the denoising process is based on the evaluation of the 
statistic parameters of the decomposition coefficients. 
The statistic parameters which are used for the de-
composition procedure are pointed to standard devia-
tion, signal energy and correlation coefficient of the 
decomposition coefficients. 

In our work we suggest to use the following crite-
ria: 
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where ( )tAj  - approximated signal average value of 
the corresponding decomposition level j. The optimal 
decomposition level is defined by the minimum of the 

( )jR1  value. It is required to calculate the maximum 
frequency of the main components for the dynamic 
data. The decomposition level is chosen in such matter 
that the frequency bins over the maximum frequency 
are rejected. 

Denoising algorithm 
We propose an iterative algorithm to select a 

decomposition level, type a wavelet and model of 
noise. Denoising is doing with each of decomposition 
methods and with all methods for the threshold cal-
culation based on the above described algorithms. 

The proposed algorithm is tested by adding the 

Gaussian noise to the signal to set up a signal noise 
ratio (SNR). This process is shown at Fig.1. 

Adding noise to reach 
necessary  ratio 

signal / noise

x(n)

w(n)

A (n)x A(n)Denoising

  
Fig.1. Block diagram of adding a noise 

Before denoising process the SNR value is 
calculated according to equation:  

(6) 
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After denoising process the SNR value is 
calculated according to equation: 

(7) 
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The criteria of the denoising effectiveness is based 
on the noise reduction coefficient (CNR) defined 
according to the equation: 

(8) 
( ) ( )( )
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The higher CNR value means better denoising 
results. 

The block diagram of proposed algorithm is shown 
at Fig.2. The first step calculates the details of all 
decomposition levels kjW , . The second step calculates 

the apropriate denoising threshold jth  according to 

the selected method, which is applied according to the 
equation ( )jkjkj thWW ,,

'
, ϕ= , where - ϕ  is the chosen 

method for application of the threshold (“hard”, 
“soft”). The new values '

,kjW  are obtained when the 

threshold is applied to the kjW ,  coefficients. The 

denoised signal is calculated when the inverse wavelet 
transormation is applied to the new values together 
with the last level approximation.  
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Experimental results 
To check the proposed algotirhm and the denoising 

properties of the wavelet transformations, we test 
signals from accelerometer. A white gausian noise is 
added to them with the premilinary selected SNR 
values -10dB, 0dB and 10dB. The db3 wavelet is 
chosen in all experiments. 

The signal decomposition is accomplished using 
all methods and iterative calculated threshold value by 
the function wthrmngr. The threshold value is 

calculated for each level when discrete and stationary 
wavelet transformation is used. In the discrete wavelet 
transformation (WL) the denoising process is 
accomplished by the function wdencmp. The 
stationary wavelet transformation (ST) [9] used the 
functions wthresh and iswt. Wavelet packet (WP) 
used the function wpdencmp. The obtained results 
from all experiments are shown in Table 1. The 
selected method for applied threshold is “soft”. The 
optimal parameters are defined according to the 
maximum CNR value. 

 

Input signal from accelerometer.
Extended to length multiple 

of power two
wextend

Decomposition of signal to
 maximum possible levels

wavedec

Algorithm for denoising 
parameters selection 

with wavelets

Set the SNR to  input signal. 
Select wavelet

Determination of the correlation
 coefficient of each level. 

Select the level of decomposition

Choice of method
 for the threshold calculation 

and how to be applied
wthrmngr

Denoising with W L
wdencmp

Denoising with ST
wthresh and iswt

Drawing graphics of CNR

Denoising with W P
wpdencmp

A

A

Did you use all  methods for 
calculating the  threshold 

value 

Did you enter all 
the SNR values 

Yes

Yes

No

Drawing graphics of 
the denoising signals

End

No

 
Fig.2. Block diagram of the denoising process.  
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The graphical interpretation of data from table 1 
are given at Fig.3, Fig.4 and Fig.5, where the results 
are combined according to the SNR value of the 
input signal. The different color lines define the 
CNR values for the different decomposition 
methods. 

From the obtained results it appears that ST 
decomposition has the highest CNR in the three 
levels of SNR. From the methods used to calculate 

the threshold in almost all cases examined rigrsure 
has the highest CNR.  

Fig.6, Fig.7 and Fig.8 represent the comparison 
analysis between the decomposition methods when 
the SNR value of the input signal is set to 0dB. 

The both methods (WL and ST) show similar re-
sults, but ST method recovers higher signal ampli-
tudes better than WL method. Also ST method pro-
duces smaller signal spikes according to WL.  

Table 1 
 Signal Denoising results 

CNR Signal 
from 

 

Noise 
model 

Threshold 
calculation 

method 
WL, ST 

Threshold 
calculation 

method 
WP 

Level 
 WL ST WP 

10 dB 

accelerometer sln rigrsure sqtwologuwn 2 1.1155 1.4664 0.18446 

accelerometer sln sqtwolog sqtwologswn 2 0.49297 0.57306 1 

accelerometer sln heursure bal_sn 2 1.1155 1.4664 0.38021 

accelerometer sln minimaxi penalhi 2 0.72265 0.9076 1 

accelerometer sln penalhi penalme 2 0.3916 0.44141 1 

accelerometer sln penalme penallo 2 0.69329 0.86103 0.86679 

accelerometer sln penallo penallo 2 0.85082 1.0694 0.86679 

0 dB 

accelerometer sln rigrsure sqtwologuwn 2 2.1874 2.4592 1.3199 

accelerometer sln sqtwolog sqtwologswn 2 1.7388 1.8489 2.1664 

accelerometer sln heursure bal_sn 2 1.8202 1.9421 1.3892 

accelerometer sln minimaxi penalhi 2 2.1129 2.3547 1.6624 

accelerometer sln penalhi penalme 2 1.4548 1.5291 2.0187 

accelerometer sln penalme penallo 2 1.8999 2.0227 2.0187 

accelerometer sln penallo penallo 2 2.0115 2.146 2.0187 

-10 dB 

accelerometer sln rigrsure sqtwologuwn 2 3.4684 3.9216 3.4328 

accelerometer sln sqtwolog sqtwologswn 2 3.4328 4.024 3.4328 

accelerometer sln heursure bal_sn 2 3.4487 4.0319 1.6056 

accelerometer sln minimaxi penalhi 2 3.4842 4.0166 3.4328 

accelerometer sln penalhi penalme 2 3.4328 4.024 3.4328 

accelerometer sln penalme penallo 2 3.4328 4.024 3.4328 

accelerometer sln penallo penallo 2 3.4328 4.024 3.4328 
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Fig.3. Denoising effectiveness (SNR=10dB) 

 
Fig.4. Denoising effectiveness (SNR=0dB) 

 
Fig.5. Denoising effectiveness (SNR=-10dB) 
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Fig. 6. Decomposition WL. SNR = 0dB. 

 
Fig.7. Decomposition ST. SNR = 0dB. 

 

Fig.8. Decomposition WP. SNR = 0dB. 

Fig.9 and Fig.10 represent a comparison analysis 
according to the different threshold selection methods 
and input SNR=-10dB and decomposition is ST. In 
this case heursure method has a smaller CNR value 
towards rigrsure method. According to the shown 
results at Table 1 and figures from Fig. 5 to Fig. 10, 
we define ST as an optimal decomposition method 
and rigrsure as an optimal threshold selection 
method. 

 
Fig.9. Threshold selection methods - rigrsure.  

 
Fig.10. Threshold selection methods - heursure. 

Conclusion 
This article proposes an algorithm to help choose 

the optimal method of decomposition and a method of 
calculating the threshold. 

When the different methods of decomposition have 
equal CNR, the ST decomposition is preferable to 
other methods, because has fewer artificial ingredients 
in output signal. But denoising with ST take a more 
time compared to the others. 
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Е- LEARNING 

Performance support system for thermal management  
engineers workplace learning 

Nadezhda M. Kafadarova, Silviya Stoyanova-Petrova, Anna V. Andonova 

  
In this paper, we describe our approach to the implementation of a DIPSEIL system to provide 

performance support learning and training for thermal management engineers on their workplace. The 
real demands of the newly emerging labor market, where human resources development becomes a priority 
of a new order, have inspired the quick development of a Partnership between Higher Education and 
Industry. The Partnership increases demand for education and training and individual motivation to learn; 
improves efficiency through better guidance and intermediating, by providing new methods, programs and 
resources, and by using ICT. The needs of electronic engineers dealing with the thermal management of 
electronic systems to acquire additional knowledge in their workplace lead to development, 
implementation and on-going evaluation of Internet-based courses. We find that workplace Internet-based 
learning should align individual and organizational learning needs and connect learning and work 
performance. To achieve this, a performance-oriented approach is proposed in this study. Key performance 
indicators are utilized to clarify organizational goals, make sense of work context and requests on work 
performance, and accordingly help employees set up rational learning objectives and enhance their 
learning process. 

Проектно базирана система за обучение на инженери на работното им място (Надежда 
Кафадарова, Силвия Стоянова-Петрова, Анна Андонова). В тази статия описваме нашия подход 
при приложението на системата DIPSEIL за осигуряване на проектно базирано обучение на ра-
ботното място за инженери, занимаващи се с топлинно управление на електронни системи. Реал-
ните потребности на нововъзникващите пазари на труда, където развитието на човешките ре-
сурси става приоритет с първостепенно значение, са вдъхновили бързото развитие на партньор-
ството между висшето образование и индустрията. Това партньорство увеличава необходимос-
тта от образование и индивидуална мотивация за обучение, подобрява ефективността чрез по-
добро ръководство и посредничество, чрез предоставяне на нови методи, програми и ресурси и 
чрез използване на информационни и комуникационни технологии. Необходимостта на електрон-
ните инженери, занимаващи се с топлинно управление на електронни системи, да придобиват 
допълнителни знания на работното им място, води до развитие, изпълнение и по-нататъчно 
оценяване на интернет-базираните курсове. Ние забелязваме, че Интернет-базираното обучение 
на работното място би следвало да хармонизира индивидуалните и организационните нужди от 
обучение и да свърже обучението с изпълнението на работата. За постигане на тези цели в нас-
тоящото изследване се предлага използването на проектно-ориентирания подход. Ключовите по-
казатели за изпълнението на целите се използват за изясняване на организационните цели, дават 
смисъл на работния  контекст, както и искват изпълнение на работата, и съответно помагат на 
служителите да създадат рационални учебни цели и повишат ефективността на учебния процес. 

 

Introduction 
In adult education, performance support learning, in 

contrast to formal curriculum-driven, instructor-led 
settings such as colleges and universities, suggests 
greater flexibility or self-directedness for learners. In-
formal learning in the context of the workplace is the 
process of learning while on the job. Informal work-
place learning encompasses activities that are origi-

nated by employees that broaden or enhance their pro-
fessional knowledge and skills. Valuable performance 
support workplace learning is taking place with regu-
larity and great magnitude. Resulting in constructive 
information and processes and perspectives, informal 
workplace learning must be systemized to realize its 
value in enhancing or supporting organization wide 
performance. 
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A ‘Performance Support System’ or PSS refers to 
any system that improves worker productivity by pro-
viding on-the-job access to integrated information, 
advice and learning experiences. 

The four components of a good PSS are: 
• Advisory Component - The advisory compo-
nent of the PSS usually consists of a job-aid in an 
electronic form. The learners can use the advice 
without having a deep understanding of the task. 
If they need to understand something in greater 
detail, the learners can access the other compo-
nents of the performance support system. The ad-
visory component is meant to provide help wher-
ever and whenever the user requires it; 
• Information Component - The information 
component of the PSS consists of the tools that 
the learners can use to access information in the 
form of procedures, regulations, company poli-
cies, specifications, images, graphics, videos and 
podcasts. The information component is meant to 
provide all the information the users require to do 
their job; 
• Training Component - The training component 
of the PSS helps the user access training material 
on demand; 
• User Interface Component - The user interface 
is the most important aspect of the PSS. It seam-
lessly integrates all the components of the per-
formance support system. The user interface en-
ables the learner to navigate from component to 
component within the PSS. It is absolutely essen-
tial that the interface is user-centric and presents a 
consistent look and feel for all the components in 
the PSS. 

The challenge in supporting informal workplace 
learning is to develop content rapidly, make it highly 
accessible and integrate it into the workflow. The first 
step in meeting this challenge is recognizing that em-
ployees are a main source of creativity and organizational 
improvement. Designing, developing, and implementing 
performance support for informal learning produces a 
medium that enhances workplace performance. 

A good performance support learning platform 
provides users with a internet based environment 
where they can access the training activities in the 
form of videos, podcasts, eLearning courses, quizzes 
and evaluation surveys and also enables them to use 
their mobile device to share knowledge with others 
(within or outside their team) in real-time. 

Principles and concepts of performance support 
learning system DIPSEIL 

In this paper we represent the implementation of 

our performance support learning solution – DIPSEIL 
(DIPSEIL is created acoording to the European Union 
Socretes Project) in the workplace learning of elec-
tronic engineers who are responsible for the thermal 
management of electronic systems (fig.1). DIPSEIL is 
equipped with a comprehensive set of features that 
make the management of learning for the workplace 
easy and effective [1], [2]. Its right mix of traditional 
and innovative features work towards giving an ex-
perience that truly surpasses place and time bounda-
ries. DIPSEIL puts training and performance support 
where the actual work takes place; allows new skills or 
knowledge to be immediately applied; enables training 
when it is needed. 

 
Fig.1. Performance support learning solution – DIPSEIL 

The following items summarize some of the key 
principles and concepts of DIPSEIL to meet the needs 
of thermal management engineers to improve their 
knowledge or to fill some gaps in it:  

• The focus is on learning needed to do specific 
tasks;  

• Individualized self-paced learning takes less time 
than classroom instruction; 

• Learning transfers to real work performance - it is 
tied to the work;  

• Materials and resources are used systematically - 
job-related references and manuals; job aids; 
training/learning materials. 

Thermal Modeling and Characterization of 
Electronic Systems – course overview 

Over the last decade, design practices have pro-
gressed from basic analytical and semi-emperical cal-
culations, applicable to simple systems, in tandem with 
extensive physical prototype characterization, to a high 
reliance on virtual prototyping using numerical 
predictive techniques. Their application, now wide-
spread within electronics industry, has been enabled by 
increases in computational power, and contributed to 
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significantly reduce both prototyping costs and de-
velopment cycle times. The use of Computational 
Fluid Dynamics (CFD)–based methods that simultane-
ously solve the appropriate governing equations for the 
solid and fluid domains is the most realistic approach 
for the prediction for the conjugate heat transfer in 
electronic equipment.  

Powerful 3D computational fluid dynamics (CFD) 
software that predicts airflow and heat transfer in and 
around electronic equipment, from components and 
boards up to complete systems is the commercially 
available FloTHERM®. FloTHERM enables engineers 
to create virtual models of electronic equipment, per-
form thermal analysis, and test design modifications 
quickly and easily before any physical prototypes are 
built. 

Thermal management engineers need just-in-time, 
just enough and at the point of need support in order to 
deal with complex authentic tasks in the context of 
their everyday job needs. The tasks for performance 
used for the presentation of the learning content and 
the other different tools for performance are found by 
the the engineers as very important because of the high 
complexity of the objects and technological process, 
rendering difficult learning of corresponding concepts, 
facts and particularly, principles.  

We created a four-module course that covers the 
application of numerical methods to electronic equip-
ment thermal design, from component to system level. 
The name of the course is „Thermal Modeling and 
Characterization of Electronic Systems“ [3], [4]. The 
course provides guidance on optimizing the applica-
tion of CFD analysis to electronic system thermal de-
sign, from the selection of a cooling strategy, refine-
ment of the thermal design by parametric analysis, to 
providing perspective on the use of temperature pre-

dictions as critical boundary conditions in electrical 
performance- and thermo-mechanical behavior analy-
ses.  The course covers the fundamentals of ther-
mofluid measurements to characterize electronics 
thermal performance. Specific methods for character-
izing important system elements, such as PCBs, micro-
contact connections, power LEDs and LED devices are 
outlined [5].  

The application of the techniques presented permit 
the thermofluid phenomena in a given application to 
be understood, guide the thermal design process, and 
ultimately permit product thermal performance to be 
qualified. 

Practical case workplace studies dealing with the 
modeling and thermal characterization of electronic 
products are presented throughout the course, involv-
ing the analysis of system-, board- and component 
level heat transfer. 

Each module consists of two to four tasks. The 
modules and the tasks are listed bellow: 

• Module 1: Building and Solving a FloTHERM 
Project. It consists of four tasks – a) Basics of 
FloTHERM; b) Creating a new project; c) Adding  
grid; d) Solving the project in steady-state or 
transient mode.  

• Module 2: Thermal management of 3D micro-
contact connections. It consists of two tasks – a) 
Microcontacts of pin-ring type; b) Ball Grid Ar-
ray Package. 

• Module 3: Thermal management of PCB. It con-
sists of four tasks – a) Calculation of the effective 
therma conductivity of PCBs; b) Influence of 
source size in the calculation of effective 
conductivity; c) Influence of layer placement in 
the cculation of effective conductivity; d) 
Influence of source location in the calculation of 

 
Fig.2. Task: Thermal management of RGB power LED devices – Task description 
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effective conductivity. 
• Module 4: Thermal management of RGB power 

LED devices. It consists of four tasks – a) Calcu-
lation of the transition temperature and thermal 
resistance of LED and its comparison with the set 
of technical characteristics; b) Calculation of 
thermal resistance and maximum operating tem-
perature of the blue, green and red LEDs 
LUXEON Rebel; c) Thermal modeling of power 

LED devices; d) Basic concepts for a choice of a 
radiator for LED devices cooling. 

On fig.2 there is given the “Task description” of a 
task from Module 4.  

Fig.3 shows the screen of the “Task specific train-
ing” for a task from Module 2. Fig 4 represents how 
the “Instructions how to perform” screen looks like.  

On fig. 5 one can see other examples of “Reference 
Information” screens for different tasks.  

 
Fig. 3. Task: Thermal management of 3D micro-contact connections of pin-ring type – Task specific training 

 
Fig. 4. Task: Thermal management of RGB power LED devices - Instructions how to perform  
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Evaluation questions and results 
As described above the course is primarily designed 

for Thermal Management Engineers. The test learners 
are employees from a small electronics research and 
development company in Plovdiv, specializing in em-
bedded communication systems. 

To evaluate achievement of learning goals in the 
“Thermal Modeling and Characterization of Electronic 
Systems” course, we administered course question-
naires. The responses were on a Lickert scale of 1 to 5 
where 1 = strongly disagree and 5 = strongly agree 
(Table 1). Ten workers responded to the survey. 

The complexity of the knowledge and skills neces-
sary to perform successfully the tasks they have as 
workers in their job, determines the learners’ needs of 
“practical learning”.  

Table 1  
Results of Course Survey 

Statements No Min Max Mean 
1. The sequence of learning 
tasks was well structured. 10 3 5 4.3 

2. The learning tasks were 
presented in the context of a 
job. 

10 3 5 4.2 

3. Sufficient theoretical infor-
mation was provided for each 
of the tasks. 

10 4 5 4.4 

4. Sufficient number of exam-
ples was provided for each of 10 3 5 4.0 

the tasks. 

5. For each of the tasks a pro-
cedure how to perform was 
provided. 

10 3 5 4.2 

6. The main benefit for me 
from this course is the under-
standing the learning content. 

10 3 5 3.9 

7. The main benefit for me 
from this course is the ability 
to solve real-life authentic 
problems. 

10 4 5 4.4 

8. I have the impression that 
by using DIPSEIL it takes less 
time to complete learning 
tasks than without such a sys-
tem. 

10 4 5 4.4 

9. I believe that without DIP-
SEIL it would cost me more 
mental efforts to accomplish 
learning tasks. 

10 3 5 4.5 

10. Overall, I am satisfied 
with the quality of this course. 10 3 5 4.3 

11. Overall, I am satisfied 
with the DIPSEIL environ-
ment. 

10 3 5 4.3 

12. I would recommend this 
course to others. 10 4 5 4.6 

 

 
Fig. 5. Task: Thermal management of PCB – Reference information  



“Е+Е”, 3-4/2012 49 

In the histogram (Fig.6) we can see, quickly, the 
high evaluation given by the workers to the course. 

 
Fig.6.  Histogram. Results of Course Survey 

Conclusion 
The theory and practice at DIPSEIL Laboratory at 

Plovdiv University include implementation of innova-
tive approaches for Internet-based performance-cen-
tered learning and development of new instruments in 
instructional design of task-performance-centered 
courses for professional education and training. We of-
fer a new approach of thinking up the vocational 
learning process and its presentation system, as a per-
formance-centered task-oriented educational system. 
This is highly effective as a means of providing work-
ers, timely and relevant information.  

The course provided for the thermal management 
engineers covers full CFD analysis in the thermal de-
sign process of electronic equipment. By the end of the 
course learners are able to perform analysis on:  

• Early to intermediate thermal design phase, in-
cluding selection of cooling strategy and refine-
ment of thermal design by parametric analysis; 
emphasis on the productivity of design analysis; 
predictive accuracy requirements for component 
junction temperature of measurement. 

• Final design phase. 
Definitively we can conclude that the engineers, 

who have attended the course, are satisfied with how 
the DIPSEIL platform works. The usability and func-
tionality of the DIPSEIL system, according with the 
workers answer, is considered very easy to learn. Our 
conclusion, having in mind the results, is to recom-
mend the use of DIPSEIL for professional education 
and for workplace learning. 
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Using mDIPSEIL in outdoor education 

Silviya Stoyanova-Petrova, Nadezhda M. Kafadarova, Nevena Mileva  

 
Outdoor learning has high potential to enhance learning by giving students a real experience of 

what they shall learn. However, traditional outdoor learning faces several problems. One of the major 
problems is that students lack instant guidance so that they often cannot get suitable feedback. This 
article presents the design and conduct of outside mobile learning activities, the implementation of 
mobile learning platform and the investigation of their impacts on students learning. We investigate 
the usage of mDIPSEIL system for overcoming problems of traditional outdoor learning and propose 
a concept for outdoor learning in the course „Mobile Communication Systems“. With the assistance 
of mDIPSEIL, students gain more opportunity of interaction from learning activities and increase 
their spontaneity in information exploring as well as motives for active learning.  

Прилагане на mDIPSEIL в обучение на открито (Силвия Стоянова-Петрова, Надежда 
Кафадарова, Невена Милева). Обучението на открито има висок потенциал за подобряване 
на обучението, като дава на студентите реален опит за това, което те трябва да научат. 
Въпреки това, традиционното учене на открито е изправено пред редица проблеми. Един от 
основните проблеми е, че на студентите им липсва моментно напътствие, така че те често 
не могат да получат подходяща обратна връзка за изпълняваните от тях задачи. Тази 
статия представя подготовката и провеждането на мобилно обучение на открито, 
използването на мобилни платформи и изследването на тяхното въздействие върху 
обучението на студентите. Изследвано е използването на системата mDIPSEIL за 
преодоляване на проблемите на традиционното обучение на открито и е предложена 
концепция за обучение на открито по курса "Мобилни комуникационни системи". С помощта 
на mDIPSEIL студентите получават повече възможности за взаимодействие между 
учебните дейности и увеличаване на уменията си в областта на информационното проучване, 
както и мотивите за активно учене. 

 

Introduction 
Outdoor learning, in general, must help foster a 

keen power of observation in learners out of their 
hands-on experiences [1]; successful outdoor learning 
must have such essential components as experiences 
in authentic contexts, adaptation to changes, and 
facilitating both hand and brain. Furthermore, outdoor 
learning should avoid learning activities targeting one 
single subject; rather, it should incorporate multiple 
subjects, fields of knowledge and skills to create an 
integrated learning environment [2].  

In traditional outdoor learning, students cannot get 
instant aids, and they may also do not focus on what 
they should learn. In outdoor learning, students 
typically scatter in groups or in individual, which 
makes teachers to supervise and instruct students 
difficultly. Therefore, in traditional outdoor learning, 
students cannot get instant aids, and they may also do 
not focus on what they should learn. Most outdoor 
teaching approaches are ineffective because students 

lack expert guidance and appropriate outdoor learning 
tools. Often students can only observe outdoor 
conditions and materials quickly and casually and, 
therefore, do not gain sufficient or useful knowledge. 

The mobile learning (mLearning) may be best ex-
emplified for outdoor education. Science is by defini-
tion learning through scientific method, in other 
words, to collect knowledge and apply it to a question. 
Many believe that our current education system drives 
creativity out of our student, what better way to rein-
vigorate creativity then to offer students the chance to 
participate in projects where they are the driver? We 
have the opportunity to transform our visitors into 
lifelong learners by engaging them in new ways and 
letting them contribute to their own learning. 

In a m-Learning environment, mobile devices may 
improve learners’ motivation, boost their sense of re-
sponsibility, and encourage them to interact with 
context-sensitive materials. An active engagement in 
the learning environment makes learning interesting 
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and therefore boosts students’ motivation to explore a 
topic. 

Mobile learning has the potential to facilitate a 
variety of different instructional goals, augmenting 
traditional education, to a learner-centered 
environment. The Internet makes it ever more 
apparent that knowledge is in the world around us, not 
in the head of the individual, and we can harness some 
of this creativity by facilitating the use of mobile 
devices in the outdoors.  

This paper shows how mLearning can help in 
overcoming the abovementioned problems of 
traditional outdoor learning, including the lack of 
guidance and of engagement in the learning material 
for students and the difficulties for teachers to 
supervise their students. Students use mobile devices 
to get assistance in learning. By doing so, students can 
get instant information. When they approach a 
learning target, the mobile device can detect the target 
and show key information to students. Besides, 
teacher also can provide scaffolding by using 
communication functions of the mobile devices. 

Mobile outside classroom learning potentially 
extends the scope of learning activities and with more 
flexibility than in traditional school curriculum. This 
work shows that the concept of applying mobile 
devices is a “new cognitive learning tool” to 
personally access, analyze, interpret, and organize 
their personal knowledge anytime and anywhere. 

mDIPSEIL 
mDIPSEIL is a mobile form of performance 

support system for educational and training purposes. 
mDIPSEIL (http://m.dipseil.net/) is the mobile version 
of the DIPSEIL system. For more information about 
DIPSEIL, please visit http://www.dipseil.net/. 

Wireless mLearning performance support systems 
are similar to traditional PSS [3][4]. mLearning 
solutions integrate mobile devices with the learning to 
help the student to perform a task by providing 
information, guidance, and learning  experiences 
when and where they are needed. 

The advantages for trainees are derived from 
providing learners with a job aid in the context of their 
work and more flexibility and choice where and when 
they learn outside of the wired (or un-wired) 
classroom. 

The structure of mDIPSEIL system has: courses, 
containing modules, containing tasks. In this new 
system a new level was integrated in this structure, 
called “Objects” (Fig.1). Objects are the building 
elements of the tasks. Objects can be: text, picture, 
sound or video. One task may have as many objects as 

the teacher want. One object can be used not only in 
one task, but in as many as there are in the system, not 
only in the same module or course, but also in others 
and by other teachers. This brings the greatest power 
of the system – the sharing of objects. 

 

 
Fig.1. Structure of the educational content in mDIPSEIL 

Content structure answers to the performance 
support systems requirements – the content is 
structured to provide individualized online access to 
the full range of information, guidance, advice, data, 
images, tools and software to permit the user to 
perform a task with a minimum of support and 
intervention by others. Each task consists of:  

• reference information about a task or closely 
related set of tasks;  

• task-specific training;  
• expert advice about a task;  
• instructions how to perform the task.  

Reference information describes the task that the 
user has to perform. This reference information 
supports the user by making immediately available 
information, which (s)he previously had to memorize 
or look for in a book or a manual. The reference 
section allows the user to learn more deeply about a 
given task and is always available for her/him to read 
and provides the theory behind the task it supports.  
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Task-specific training reduces preliminary training 
by helping the user to learn while performing the task. 
This type of training is learner-centered because the 
learner asks for help when he needs it to perform a 
task, and the help gives him the specific information 
that (s)he requests.  

User Roles  
In mDIPSEIL there are two roles of persons – 

students and teachers.  
Teachers are users, who develop, upload and 

organize educational materials in the mDIPSEIL 
system. Teachers use a specially developed Web-
System, which directly communicates with the Web-
Engine, to upload educational content to the system. 
Using this Web-System they may create and/or delete 
courses, modules, tasks and objects, assign objects to 
tasks or remove assignments, but only for tasks 
created by them. They could also specify how objects 
are used inside of tasks. For every object from the task 
a role should be defined – Task Description, Task 
specific training, Instruction how to perform or 
Reference Information. In order to show the mobile 
tasks for the students, teachers have to attach those 
tasks to the related DIPSEIL task. Tasks in mDIPSEIL 
must be attached to tasks from DIPSEIL, or else 
students will not be able to view them.  

Students use the educational content created by 
teachers. Students are actually the direct user of 
educational content through their mobile devices and 
thus the system is specially developed for them. 
Students are identified with unique e-mail and 
password from the DIPSEIL system. Once logged in, 
they may view all tasks, which they have chosen or 
use the special positioning features to show only 
specific tasks. Students are presented with the 
educational content using the standard DIPSEIL 
Learning objects – the simply organized menu in the 
task screen allows them to browse through “Task 
Description”, “Task-specific Training” and so on.  

About the Course 
In this article we discuss our outdoor learning 

experience with students studying the course „Mobile 
Communication Systems“. The course presents 
mobile communications. Much of the discussion deals 
with cellular radio and extends this thinking inside 
and outside buildings. The coverage most necessarily 
includes propagation for the several environments, 
propagation impairments, and methods to mitigate 
those impairments, access techniques, bandwidth 
limitations, and ways around this problem.  The 
course objective is to provide an appreciation of 

mobile/personal communications. Space limitations 
force us to confine the discussion to what might 
loosely be called “land mobile systems”.  

The course consists of five tasks. They include 
GSM Architecture, GSM Network, GSM Connection, 
GSM MAP service model and Satellite systems. The 
course is designed in two languages – Bulgarian and 
English. In this article there are presented materials 
from the English version of the course.  

This study examines the learning experiences of 15 
students within two tasks. The tasks which are chosen 
for the outdoor learning purposes are GSM 
Architecture and GSM Network as most appropriate 
for outdoor training. The students are admitted to the 
technical equipment in a base station of a Bulgarian 
mobile operator outside the city of Plovdiv (fig.2).  

 

 
Fig.2. Outdoor Mobile Learning 

As some of the students don’t have smart mobile 
phones with Wi-Fi connection they are equipped with 
such mobile phones by the trainers. These phones are 
provided by the financial help of a European project.  
They are allowed to fulfill the tasks which they have 
in mDIPSEIL in real environmental conditions. Fig.3 
and fig.4 show the Task description of the two tasks 
described above. On fig. 5, fig.6, fig.7 and fig.8 one 
can see the Task specific training windows of the 
presented two tasks displayed on the student mobile 
device. Each student participant is observed across 
two separate outdoor lessons. Two trainer research 
participants have fulfilled the interviews before and 
after students’ observations. 

Study findings support a growing body of research 
that connects high quality learning environments with 
student engagement: academic, behavioral, and 
technical. Student reports reflect increased conceptual 
understanding of core concepts through hands-on 
learning activities supported by group work in the 
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base station. 
 The students appreciated the ability to gain their 

own experience in working in OMC (Operation and 
Maintenance Center). Much of the research exploring 
the relationship between student achievement and 
outdoor learning is quantitative in nature. In fact, there 
is little research about why and how students engage 
in outdoor learning environments, why and how train-
ers plan their outdoor learning activities, and what as-
pects of the outdoor environment are significant in 
planning for and undertaking these activities. This 

study will help to further the understanding of how 
and why students engage when they learn in an out-
door environment, and it will help provide trainers 
with an understanding of a resource they can utilize 
just outside the university. 

Two controlled experiments are conducted using 
mDIPSEIL in learning activities for students. After 
the experiments have been performed a questionnaire 
survey is given to evaluate the effectiveness of the 
mDIPSEIL in improving student learning motivation 
and effectiveness. 

  
Fig. 3. Task: GSM Architecture- Task 

description 
Fig.4.  Task: GSM Network - Task description 

 
Fig. 5. Task: GSM Network - Task-specific training 
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Fig. 7. Task: GSM Network - Task-specific training 

 

 
Fig. 8. Task: GSM Architecture - Task-specific training 

 
Fig. 6. Task: GSM Network - Task-specific training 



“Е+Е”, 3-4/2012 55 

Our survey looks at learner attitudes and confi-
dence level. We give the students a pre-course ques-
tionnaire on the first day of class and end with a post-
course questionnaire using a Lickert scale (1 = 
strongly disagree, 3 = neutral, 5 = strongly agree) to 
measure attitude and confidence changes after com-
pleting the course. 

Course Evaluation 
Table 1 

Results of Post-Course Survey in „Mobile Communication 
Systems“ 

Survey Question Agreement 
with 

Question  
(n = 15) 

1. It was easy to navigate through the course on 
my mobile device. 

89% 

2. I am confident in my technical background. 81% 
3. I have a solid background which will allow 
me to learn new technologies in a mobile base 
station environment. 

78% 

4. Compared to other traditional courses I took, 
learning by means of a mobile device helped 
me better to learn the course material. 

63% 

5. Taking the course by means of a mobile 
device helped me to view the course material at 
the moment I really needed it. 

98% 

6. I see value in working in a team and 
collaborating with other students on different 
tasks. 

80% 

7. I enjoy using technology in my training and 
work. 

69% 

8. I understand the role that technology plays in 
outdoor training. 

93% 

9. I feel confident in my abilities to enter a 
mobile communication company as a 
technician. 

83% 

10. I developed specific field skills in this 
course. 

71% 

11. I have learned to synthesize and apply what 
I have learned from lecture in the practice. 

95% 

12. I have gained critical thinking skills 
through this course (e.g., ability to evaluate 
different technical methods, apply them to 
different situations). 

72% 

13. Applying techniques we learned in lecture 
in real practical environment was valuable to 
me. 

65% 

14. Using technology (mobile phones) was 
valuable to me. 

85% 

15. I would take another mobile learning 
course, if available. 

93% 

Table 1 shows the questions we asked on the post-
course questionnaire to get a sense of how the students 
felt after taking „Mobile Communication Systems“ 
course and the percentage of positive agreement (only 
answers of 4s and 5s), totaled and averaged for both 
semesters. Fifteen students have responded to the 
survey. 

Students return strongly favorable responses on 
nearly all questions related to their attitude toward 
technology and science and questions about their 
confidence level. In particular students see value in 
working in teams (Q6), feel strong in their ability to 
synthesize and apply knowledge from lecture to real 
base station environment work (Q11), and see the link 
between technology and training (Q8). We are pleased 
that 83 percent of our students feel prepared to enter a 
mobile communication company as a technician 
(Q9). 

Giving students hands-on experience mobile 
communication systems with mobile phones loaded 
with visualization software facilitates active learning 
and integration of complex information and concepts. 

Combining class lectures with real work 
experience aided students' mental modeling of the 
process of data-driven inquiry and increased the 
accuracy of their data collection and entry in the field. 

Conclusion 
The survey results indicate that most students think 

that the mDIPSEIL is easy to use and useful in 
learning. Therefore, they endorsed the use of the 
mDIPSEIL for future learning. These results reveal 
that the proposed mDIPSEIL not only increases the 
motivation of students to learn and improves the 
effectiveness of learning, but also improves student 
creativity and ability to explore and absorb new 
knowledge and solve problems over that provided by 
traditional learning methods. 

By using mobile technologies in outdoor learning, 
teachers can have more control in the learning process 
and students can be provided with instant guidance. 
Both of these issues were identified as major problems 
in traditional outdoor learning. 
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