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Luminosity Sensing Application of Negative
Group Delay Predictor

Blaise Ravelo, Senior Member, IEEE, Mathieu Guerin, Member, IEEE, Lala Rajaoarisoa,
Member, IEEE, and Wenceslas Rahajandraibe, Member, IEEE

Abstract—This article features on original application of
negative group delay (NGD) predictor for the luminosity
pre-detection. The low-pass (LP) type NGD prediction
theory is established based on the time-advance
consideration. The analytical design condition in function
of expected prediction performance is formulated. The LP-
NGD predictor is studied and characterized by using ramp
signal input. The validity of the LP-NGD digital predictor
with STM32® microcontroller implementation is verified by
trapezoidal test signals having different rise/fall times and
arbitrary waveform signal. Furthermore, excellent test
result of real application is presented by using NLS-4942
luminosity  photoresistor. An  LP-NGD prediction
demonstrator is designed and implemented with different
time-advances (-30 ms, -50 ms and -70 ms). The calculated
and experimented results in good agreement show
negative skew transient responses. The NGD predictor is
potentially useful for industrial applications as object
detection, car safety and smart building comfortability
control system.

Index Terms—Light sensor, Negative group delay (NGD)
predictor, Infinite impulse response (lIR) design, prediction
technique, NGD digital circuit, skew prediction.

I. INTRODUCTION

HE LUMINOSITY is one of the most important physical

parameters of today engineering for industrial environment
monitoring and living comfortability. The luminosity is
naturally used for different systems of irradiation detection [1-
3]. For example, the luminosity was widely explored in the
process of weather prediction [1]. High luminosity colliders
were employed for tracking with diamond radiation [2]. More
importantly, an industrial application of luminosity constitutes
a key element of light intensity prediction for automatic smart
room [3]. The luminosity sensing allows environment
monitoring as range sensing and object detection, for vehicle
active safety [4]. Luminosity sensors and occlusion processing
were developed for reliable vehicle detection [5]. An innovative
light sensor was introduced for indoor positioning and
navigation [6]. Industrial technology achievement was reported
based on constant innovation of sensor system [7-9]. More
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recently, integrated circuit [7-8] and neural network occupancy
estimation via Bayes filter [9] luminosity sensors were
proposed. The progress of luminosity sensor design enables to
perform object detection [10-12]. However, certain detection
systems may meet anomaly in real-time operation because of
distribution time delay [12] and also for remote control [13].
The reduction of communication delay impact [14] on detection
transmission signal remains a challenging effort for the
industrial system design engineers. To overcome this challenge,
a luminosity sensing-based pre-detection technique is proposed
in this article by using negative group delay (NGD) electronic
circuits [15-18]. It was emphasized that the NGD function is
susceptible to reduce delay [15-16], to operate with time-
advance behavior [17] and to predict arbitrary waveform
medical and industrial signals [18].

Indeed, the NGD signature is defined by the uncommon
ability to propagate sensor signals in time-advance [17-29].
Despite the counterintuitive aspect, the NGD function does not
contradict the causality [19-20]. Nevertheless, the uncommon
NGD circuit design remains misunderstood and unfamiliar to
most of industrial electronic engineer designers. The NGD
function was initially studied in theory and by experiment with
low frequency (LF) analog circuits composed of lumped
elements as resistor, inductor, capacitor and operational
amplifier [19-23]. Because of circuit topology diversity, the
NGD function interpretation was an open question to most of
electronic and industrial design engineers. A fundamental
theory inspired from filter was initiated [24]. The concept of
low-pass (LP) type NGD behavior [24-25] was defined when
the electronic circuit group delay (GD) is negative in very LF.
But so far, the LP-NGD circuit usefulness to develop prediction
method can be increased with the range of time-advance. For
the cases of several minutes or hours prediction as the weather
[1] or rainfall [26-27] data, the NGD analog circuits do not work
due to the resistor, inductor and capacitor component value
limits [19-25]. To overcome these limitations, NGD digital
circuits operating with some minutes and even some hours were
recently designed, implemented and experimented [28-29]. The
NGD digital circuit theory was introduced by considered
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infinite impulse response (lIR) function [30-31]. So far, few
research works are available in the literature about the NGD
digital circuit application.

The LP-NGD predictor theory, design, implementation and
test is originally investigated in the present article for pre-
detection of luminosity operating with negative skew
generation. The article is organized in four sections. First,
Section Il focuses on the industrial challenge of luminosity pre-
detection test scenario. Then, the LP-NGD predictor theory is
established in Section Il by considering ramp signals and
showing negative skew responses. Section IV discusses on the
proof-of-concept (POC), prototyping and experimentation with
NSL-4942 luminosity sensor [32] by implementing the NGD
function on STM32® microcontroller unit (MCU) [33]. Last,
Section V is the conclusion.

Il.  SCENARIO OF LUMINOSITY PRE-DETECTION TEST

The scenario and characterization of luminosity pre-
detection using photoresistor is introduced in this section.

A. Description of Luminosity Test Experimental Setup

The proposed test consists in examining the luminosity pre-
detection scenario by predicting the environmental object
mechanical state. The pre-detection experiment was performed

by placing the luminosity sensor in the shelf drawer as depicted
by Fig. 1(a). The experimentation test setup includes the
monitoring PC driving an STM32® MCU manufactured by
STMuicroelectronics® by Fig. 1(a). As seen in Fig. 1(b), the
tested sensor is TO-8 NSL-4942 photocells operating as
photoresistor manufactured by SILONEX® Inc. [32]. The test
setup synoptic is explained by Fig. 1(c). The block diagram is
constituted by the driver and data storage PC, the calculator
board using STM32® MCU and the photocells integrating its
appropriate conditioning circuit. The predictor synoptic
diagram works with the conversion of luminosity by the
photocells into output voltage signal Vsensor Which is injected
into the MCU which is connected to the sensor conditioning
circuit supplied by V44=5 Vpc.

B. Luminosity Pre-detection Problem Formulation

The problem formulation is inspired from industrial scenario
with mechanical control via luminosity detection and light
control of security [2-6]. Fig. 2 depicts the representation of the
experiment integrating the predictor. The synoptic diagram
introduced by Fig. 1(a) operates with two main states:

e  “Open-position” corresponds to the drawer in open
position. The photocells are exposed to the room light.

e “Close-position” corresponds to the drawer in closed
position and photocells placed in the dark.

Driver &
monitoring

F;hotocells
NSL-4942

Shelf

I & Drawer |

Test room

Opening

USB connection

(3.25V max)

Conditioning
circuit

B

Drawe

Photocells

Fig. 2. lllustrative scenario of luminosity pre-detection with open/close-state drawer experiment.
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As illustrated by the workflow shown by Fig. 2, the overall

system operates as follows:

e  First, we assume that we have light detection when Veensor
is equal to the threshold.

e The main objective of the study is to anticipate the
switching or transition position of the drawer by means of
the detected signal states.

e  We can have cither “high voltage state X4” or “low voltage
state x.” defined by:

v - {XL =0
sensor XH :V

max

if V,, <02V,
1)
if Vv, 208V,

out —

e To avoid the fault detection caused by the undesirable
noise, a denoising filter can be integrated to the sensor
conditioning circuit output.

C. Photoresistor Characterization Technique

The NSL-4942 photoresistor operates with CdS resistance
range available in hermetic package operating between -60°C
to 75°C [32]. The sensor presents the specifications of typical
light resistance Riypical @ 100 ftc minimum resistance in the dark
Rpark, maximum test voltage Vi and maximum power
dissipation Pmax @ 25°C addressed by Table I.

TABLE |
EMPLOYED PHOTORESISTOR SPECIFICATIONS
Parameters Riypical Rpark Vi Pmax
Value 30Q 50 kQ 80V 250

The photoresistor illuminated by a lamp connected to
multimeter is characterized by the light test synoptic proposed
by Fig. 3(a). The sensor environment luminosity is measured
with a luxmeter.

Luxmeter

10' 102 10° 10
L (lux)
Fig. 3. NSL-4942 sensor (a) test synoptic and (b) light-resistance
characteristic.

The NSL-4942 sensor characterization was performed
following the steps: (i) the light from the projector is gradually
sent to the sensor, (ii) the resistance is measured with the
multimeter and the quantity of light at the same time and (iii)
thus, the light-resistance logarithmic characteristic shown by
Fig. 3(b) is plotted in black solid curve. The empirical model
between the sensor resistance R in Q and light L varied in
interval [6 lux, 45 klux] plotted in red dashed curve of Fig. 3(b)
is approximated by:

R ~128719L°7 . @)

The NGD-predictor theory illustrating how to generate the
negative skew is described in the next section.

[ll.  THEORIZATION OF LP-NGD PREDICTOR WITH
ANALYSIS OF SLEW-RATE RESPONSE

This section describes the LP-NGD predictor theory. After
frequency domain analysis, the negative skew effect is
explained by the transient response of input ramp deterministic
signal. The prediction theory is established from LP-NGD
digital circuit in function of targeted time-advance t,<0.

A. Frequency Domain Analysis of LP-NGD Predictor
Ramp Response

We recall that the LP-NGD function is characterized by its
temporal signature related to its time-advance t, and NGD cut-
off frequency f,. By denoting s the Laplace variable, we can
demonstrate that the canonical form of 1% order LP-NGD
analog TF:

1+ts
N(s) = 3
®) 1+t,s @)
where:
t
t=—->0
y-1
t ©
tz—”—7>0
y-1

with positive parameter y<1 (meaning while t;>ty) related to the
NGD cut-off frequency:

f, =

-~ (5)
20,
By taking s=jw, the frequency domain analysis is based on the
transmittance:

1+ jot,

N(jw) = 6
(Jo) 1+ jot, (6)
which has magnitude N(w)=|N(jw)| and GD:
GD(w) = M (7
ow
with:
GD(w=w, =271)=0. 8)
At very low frequency w=~0, we have:
N(w=~0)=1
gt 9)
GD(w~0)=t,

B. Negative Skew Analytical Demonstration with LP-
NGD Predictor Ramp Response

The present NGD prediction study is essentially based on
time-dependent input signal x assumed as a ramp waveform:
X(t) =y-t-I'(t) (10)
with slope 4 in the time interval [0, tmax] and 7" is the Heaviside
function by considering the rest initial state x(t=0)=0.
In this case, the input amplitude is:
Xmax= A*fmax. (11)
The LP-NGD symbolic output Y(s)=N(s)X(s) is expressed by
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Fig. 4. Plots of (y,Yo,Y-) for (a) t € [0,10] and (b) t € [0,1] and Of (Yin=-1, Yin=-1.5, Yin=-2, Yin=-2.5) for t € (c) [0,10] and (d) [1,4] compared to x.

AL+1,8)X(s)
sP(L+t,s)
By means of inverse Laplace transform, we theoretically have:
y(t) = At+(t ~t,)1-e"")]-T(M). (13)
It can be emphasized from this equation that:

e When t<ty, at the beginning t—0, we have the asymptotic
e —1-t/t, which implies:

yo(t):ﬂ[l—:—"]t.

2

Y(s) = (12)

(14)

e When t—w (t>t;) knowing that ti-t,=-t,, we have the
asymptotic behavior e — 0 which implies the output
expressed by:

Y. =At-t,)-Tt) =y, ) =xt-t). (15)
As t,<0, the present instant value of y(z) at =>t, is the
predicted value of X(z-t,) at future instant z=z-t,. This
finding confirms that we have a time-advance effect.

e  When t=t,, we have:

{yo(tz) = yoo(t) = l'tl
y(t,) =71t _eil(tl -t,)]

Fig. 4(a) represents the calculated responses (Y,Yo,Y-) from
equations (13), (14) and (15) with targeted time-advance t,=-1.
The transient diagrams show the comparison of outputs and
input X with Xmax=1 for t € [1,10]. Fig. 4(b) plots the asymptotes
Yo and y., which intersect at M(tn=t,=0.172), and explains that
the predicted responses present absolute error |y(t)-y.(t)| lower
than 5% when t>0.6. The prediction effect is obviously
highlighted by points My(tx=5) and My(t,=4) for threshold
XT=Y1=Xmax/2=5 with the evaluated time-advance As=ty-t,=-1.
Fig. 4(c) explains the behavior of predicted responses (Ym-=-1,
Ym=-15, Ym=-2, Yin=-25) With respect to the different objectives t,.
Fig. 4(d) shows a good agreement between the assessed time-
advances At={-2.5, -2, -1.5, -1} and the objectives t,.

(16)

C. Analysis of LP-NGD Predictor Ramp Response

According to the signal processing theory, the frequency
spectrum of input denoted by X (@) =|X (jw)|, calculated by
the Fourier transform, is given by:

X (@)=~ . (17)
w
To avoid output significant distortion with respect to the LP-
NGD TF, the input x(t) should have limited bandwidth [24-
25,28-29,31]. The input spectrum must be delimited by the
NGD bandwidth wma=2xf,. Therefore, we have the prediction
efficiency under the condition:
X(@< o)
——=<¢

X

max
with ¢<-20 dB. By taking into account previous relations (17)
and (18), it can be established that the time-advance must
respect the following condition in function of input ramp
parameters:

(18)

X 1-yt.é
7 < %ngﬂnﬁﬂ- (19)
Oax Ar tma>< fn y\f X max

Knowing the design condition, the LP-NGD theory based IIR
TF is investigated in the next subsection.

D. LP-NGD Predictor Difference Equation

The discretization of the input x(t) is performed by assuming
the sampling period Ts. The discrete samples are denoted by
X, = X(t) = x(t,) with positive integer index:

(20)

with [ -] the ceil function. The sampled discrete time is given

byt, =k-T,. We assume that the discrete impulse response ng

associated to the output yx=nk(xx) is expressed by the first order
difference equation:

Yo =0, %0 +BX +hoY, (21)
where bo, b1 and b, are real coefficients. We point out that the
LP-NGD prediction design method developed in the present
research work is derived from the analysis of the previous
difference equation. Fig. 5 represents the digital structure
diagram of LP-NGD function governed by equation (21).
According to the proposed difference equation, we have the
symbolic relation:
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e The z-transform of equation (21) implies the expressions
of input X(z) and output Y(z)=N(z)X(z). The corresponding
IIR TF is expressed as:

N(z) = b, +b,z .

1-byz

e The LP-NGD time-advance signature can be graphically
understood with diagram of Fig. 5. Hence, the time-
advance between input xx and output yi for every sequence
k of MCU is graphically represented by time shift At.

(22)

6“ DAC
gﬁ A | /’,o Ve
%] -’
< \ \oe? > = X, -
‘%'V = Fa by + b
- "5
v o’/ g
" .y = »| Do +) b,
3 Time”. .
¥

Fig. 5. Structural diagram highlighting the NGD operation principle.
To perform the LP-NGD prediction characterization of TF
n, we need to evaluate the time difference related to
chosen threshold xt according to relation:

X =X(t) =y(t,)
At=t, —t,

In addition, the difference between the input and LP-NGD
predictor output amplitudes can be evaluated from A and
Ay

e To reach relative error precision on the time-advance
signature t, = At=T_ better than 25%, we must respect
condition:

(23)

|tn| > 4T, . (24)

The methodology of LP-NGD predictor synthesis, design and
implementation is described in the following subsection.

E. LP-NGD Predictor  Synthesis,
Implementation Methodology

The present subsection formulates the synthesis method and
implementation of LP-NGD predictor introduced by equation
(21). The synthesis aims to generate signal prediction in
function of the targeted time-advance t, ideally characterized by
transient input and output relationship y(t) = x(t+t,) . For this

reason, the LP-NGD predictor synthesis consists in determining
difference equation (21) in function of the targeted time-
advance t,<0. It is clear that instead of positive delay effect
usually for classical electronic circuit, we realize the transient
signal prediction represented by the output y. Consequently, the
design of the LP-NGD predictor is carried out by the calculation
of parameter coefficients representing the IIR numerical
function.

The LP-NGD predictor synthesis formulas are established by
solving the equation related to the GD at low frequencies. It
yields the synthesis formulas of difference equation two
coefficients:

Design and

at
hy=— o 25
° (a-1T, +at, ()

at
bl — n
(1-a)T, —at,
b _ a[(a_l)Ts +tn]
? (a-DT, +at,
By taking into account the design condition of previous
subsection, the implementation methodology of the developed
LP-NGD predictor is summarized in the actions of five main
steps as indicated by the workflow of Fig. 6. In brief, the initial
step is the specifications of the luminosity test signals as the
amplitude, rise/fall time and sampling period. The desired time-
advance t, and the NGD cut-off frequency must be defined. The
predictor difference equation parameters are calculated from
formulas (25), (26) and (27). The POC design and
implementation are using the coefficients and the coding in the
considered digital platform. Then, like all electronic circuit
design, the proposed methodology must be ended by an
experimental validation step.

(26)

(27)

Step 1: Specifications of the

luminosity intensity signals as

amplitude, sampling period
and rise/fall time

Step 2: Desired time-advance
and NGD cut-off frequency of
the LP-NGD predictor

Step 3: Calculation of LP-NGD

predictor difference equation
coefficients

Step 4: NGD predictor MCU
design and implementation

Step 5: LP-NGD predictor
validation test
with luminosity

Fig. 6. Workflow of LP-NGD predictor design and implementation.

The following section discusses on experimental validation
of design and implementation methodology the LP-NGD
predictor.

IV. EXPERIMENTAL INVESTIGATION OF LUMINOSITY PRE-
DETECTION

This section validates the previous LP-NGD predictor theory
with two main demonstrators showing the negative skew due to
the time-advance effect. The POC design was performed
following the methodology described by Fig. 6. The first
experimentation was carried out with periodical voltage signals.
Then, the luminosity pre-detection results from the second
demonstrator which uses luminosity sensor NSL-4942
photocells introduced by the illustrative setup diagram shown
by Fig. 1(a) is also examined.

A. LP-NGD Light Predictor Design, Prototype and Test

The LP-NGD predictor was designed by calculating the
coefficients given by formulas (25), (26) and (27) with T=10
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ms with different targeted time-advances t.. The LP-NGD
predictor was implemented on STM32L476RG 64-pin MCU
used in [28-29,31] in C-language program pseudo-code written
in Algorithm 1. As depicted by the synoptic diagram introduced
by Fig. 1(c), the considered MCU platform board is fed by
Vas=5 Vpc power from USB connector operating with 12-bits
precision. The test signal dynamic range is defined between
Vmin=0 V to Vmax=3 V and quantum resolution equal to 47=0.8
mV. The test program was executed by applying analog input
voltage Vsensor(t) injected on by pin15/PAL. The input signal is
converted into digital data x_O=x(t). Figs. 7 highlight the
experimental setup diagram and photograph of LP-NGD
predictor test board. In this study case, the input test signal x is
provided by the generator source. We can see that the input and
output signals x and y are visualized simultaneously by the
oscilloscope.

Algorithm 1. Luminosity predictor implemented pseudo code

1: float b0 = xxx; float b1 = xxx; float b2 = xxx;
2:floatx_1=0; floatx 0=0; floaty 1=0;floaty 0=0;
3: return float Process(float input)

4: {
5. // Update internally stored output at t[k]
6: y 0=y 1,

7: I/ Update internally stored input at t[k]

8 x 0=x1;

9: /[ Update internally stored input at t[k+1]
10: x_1 =input;

11: /I Compute output

12: y_1 =Db2*x_1+b1*x_0+b0*y_0;

13: returny_1;

14:}

:> Driver &
storage

Output y{}

Input x

Predictor MCU board n

Fig. 7. (a) lllustrative and (b) photograph LP-NGD predictor test setup.

test, the MCU configuration including the input and output
signal interactions with the microprocessor is carried out by
using the STM32CubelDE software installed on the driver PC.
The transient results representing the LP-NGD predictor
response are discussed in the following paragraph.

The obtained validation results of the LP-NGD predictor
POC and prototype is characterized with input signal transient
voltage generator in the following subsection.

B. LP-NGD Predictor Transient Test Characterization

The present subsection investigates on the characterization
results of the LP-NGD predictor prototype. First, we consider
essentially the input voltage behaving as periodic trapezoidal
test signal. Then, the predictability of arbitrary waveform and
trapezoidal signal will also be discussed.

1) Prediction Result of Trapezoidal Waveform Signal

The input ramp is controlled by changing the periods Ty=1.23
and rise/fall times trx=123 oOf different test signals
signalk=123(Tk,trk). The LP-NGD predictor coefficients are
indicated by Table Ill. The coefficients were calculated from
the test signaly-1,2,3 parameters by fixing a=0.147.

TABLE Il
LP-NGD PREDICTOR COEFFICIENTS
Parameter Value
T T1=065 S T2=0.8 S T3:1.6 S
tr tn=0.1s tp=0.2 s t3=0.3 s
tq -30 ms -50 ms -70 ms
fq 133.3 Hz 76.9 Hz 40 Hz
bo 0.0182 0.0311 0.0582
b, -0.7546 -1.2907 -2.4127
b, 1.7363 2.2595 3.3545

TABLE Il
TEST EQUIPMENT SPECIFICATIONS
Description Reference Parameter Value
'?Jg'cttrlzrg’ Tektronix AFG3102C  |-—ampling rate | 1 1%3’ S
generator Dual Channel Bandwidth MHz
Resolution 125 mV
Digital RTC1002 Sampling rate | 4 GSals
oscilloscope | ROHDE&SCHWARZ® Bandwidth 1 GHz
Channels 2

The obtained data results are recorded in CSV-format and
replotted in MATLAB® environment. The test equipment
specifications are addressed by Table I1. During the validation

Figs. 8 and Figs. 9 show the comparison between the calculated
and measured results of LP-NGD predictor prototype specified
in Table 111. The total duration of the considered test signal is
Tt:4 S.

- N W

Voltage (V)

Voltage (V)

Time (s)
Fig. 8. Calculated and measured LP-NGD predictor responses for (a)
signals, (b) signal, and (c) signals.
Fig. 8(a), Fig. 8(b) and Fig. 8(c) highlight a very good
agreement between the input x (black solid lines), calculated y.
(red solid lines) and measured ym (blue dashed lines) transient
output results of signaly, signal, and signals, respectively. As
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seen in the zoom plots of Fig. 9(a), Fig. 9(b) and Fig. 9(c), the
negative skew effect is successfully validated for signals,
signal; and signals, respectively. It can be observed that the
leading- and tailing- edge of LP-NGD predictor outputs are
clearly anticipated with respect to the targeted time-advances.
For the present study case of trapezoidal input test, the LP-NGD
validation is also performed by the comparison of:

e Input-output gain related to high- and low-level states, xn

and x., respectively, defined by:

|yH _YLl

(28)
X = x|

e And the input-output cross correlation coefficient defined
by MATLAB® function “corrcoef” written as:

£ (x,y) = corrcoeff [x(t), y(t)]. (29)
3
)
=2
g, )
S
0
08 08 09
3 3
g2 2
(0]
2 (c)
21 . 1 ()
3
0 0
0.1 0.2 0.3 04 05 0.6 0.7 0.8
3 3
=
3 2 2
£ « IR
S
0 0
03 04 05 06 07 11 12 13 14 15
Time (s) Time (s)

Fig. 9. Zoom in plots of calculated and measured LP-NGD predictor
responses: signal; in the time-interval (a) Tl,=[0.78 s, 0.95 s] and (b)
TI,=[1.74 s, 1.91 8], signal, in (c) TI.=[0.1 s, 0.4 s] and (d) TI4=[0.5 s, 0.8
s], and signals (e) Tl.=[0.25 s, 0.7 s] and (f) TI=[1.05 s, 1.5 s].

Table IV summarizes the transient characterization

specifications of the LP-NGD predictor. We emphasize that the

time-advance absolute value assessed from results of Figs. 8

increase with the ideal targeted time-advance t,. The design and

implementation feasibility of the unfamiliar predictor is

confirmed by the good correlation of assessed time-advance.
TABLE IV

COMPARISON OF CALCULATED AND MEASURED LP-NGD PREDICTOR
TRANSIENT CHARACTERISTICS

Input signal Signal, Signal, Signals
At Calculated -8.2 ms -12.6 ms -25.8 ms
ise Measured -8 ms -12 ms -25 ms
At Calculated -8.15 ms -12.5 ms -25.7ms
B Measured -8 ms -12 ms -25 ms
Calculated 1.001 1.001 1.001
P Measured 1.061 1.063 1.076
I Calculated 99.9% 99.98% 99.9%
B Measured 99.88% 99.95% 99.91%

2) LP-NGD Prediction Result of Arbitrary Waveform
Input Signal

In spite of the validation of ramp input prediction which
represents the main behavior of luminosity sensor signals, we

may ask also about the general cases of test signal
predictability. For this reason, the present further study of LP-
NGD predictor by considering the case of non-trapezoidal
signal is proposed. In this study case, the input signal was
considered as a completely arbitrary waveform. Then, the
desired time-advance was fixed to t,=-70 ms. The LP-NGD-
prototype was designed and implemented under the same
process as the previous paragraph because we use the same
digital board platform. The input signal was randomly defined
from MATLAB® environment. The test configuration was
carried out by recording the input data in CSV-format and
imported to the generator source following the test setup shown
by Figs. 7. The transient test of the LP-NGD prototype was
performed by simultaneously visualizing input x and output y.
As result, Fig. 10(a) confirm the input arbitrary waveform
signal predictability showing the desired time-advance.

Voltage (V)

Voltage (V)

. N J 05 L N N J
0.1 0.2 0.3 04 086 0.7 0.8 0.9
Time (s) Time (s)

Fig. 10. Calculated and measured LP-NGD predictor arbitrary waveform
signal responses for in time-intervals (a) Tly, (b) Tl;and (c) Tls.

The calculated and experimented transient responses are
visualized in the time-interval TI;=[0,1 s]. For the better
visibility of the signal prediction, zooms in plot of x and y in
time-intervals TI,=[0.1 s,0.4 s] and TIs=[0.6 5,0.9 s] are
proposed by Fig. 10(b) and Fig. 10(c), respectively. As
illustrated by Figs. 10, by referring to non-trapezoidal input X,
an excellent correlation between the simulated and
experimented predicted signals yc and yn is observed with the
expected time-advance equal to -70 ms. In addition to the
generator source test, real-time experimentation with
photoresistor sensor signals is reported by the following
subsection.

C. Luminosity Sensor Test Validation with LP-NGD
Predictor

The feasibility study of LP-NGD prediction with industrial
luminosity sensor signal is reported in this subsection. In this
study case, the practical test was performed following the
workflow explained by the scenario introduced by Fig. 2. The
open/close drawer test was experimentally carried out with
maximal duration tns=28 s by fixing a=0.147. LP-NGD
predictor prototype with coefficients addressed by Table V was
designed for t,=-75 ms targeted time-advance. The
photoresistor including the voltage divider conditioning circuit
constituted by resistors Rp=27 k€ and R(t) was interconnected
to the MCU as illustrated by Fig. 11.
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Fig. 11. Photoresistor-MCU interconnection.
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TABLE V
TESTED LP-NGD PREDICTOR COEFFICIENTS
Parameters Ts fn by by b,
Value 965 us 13.33Hz | 0.6576 | -27.2621 | 27.6044

The performed experimentation is based on the comparison of
calculated and measured outputs corresponding to input voltage
Vsensor(t)=X(t) across the NSL-4942 photocells and the ground
(GND). The time-dependent photocells resistance is given by
the voltage divider principle:

R(t) =

Rded
Vi —X(t)

The calculated and measured time-dependent voltage and
photoresistor resistance obtained from the open/close drawer
test are plotted in Figs. 12(a) and Fig. 12(b), respectively. To
highlight the negative skew behavior, the transient results are
plotted in arbitrary chosen time-intervals TI;=[0, 6.2 s] and
TI,=[22.5 s, 27.5 s] of Fig. 12(c) and Fig. 12(d), respectively.
Despite the output signal overshoot and under-shoot of about
11%, the calculated and measured results are in good
correlation. Table VI summarizes the assessed LP-NGD
characteristics.

(30)

This comparative test result confirms the luminosity pre-
detection feasibility showing negative skew. We emphasize that
in this case, the cross correlation between the input-output
sensed signal is 98.6%. The rise and fall mean time-advances
were assessed.

D. Potential Applications of Luminosity NGD Predictor

The developed luminosity pre-detection NGD method has
potential industrial applications such as:
(i) Consumer electronics application [35]: One of NGD
predictor applications is the remote-control devices that
operate on infrared light and using photodiodes. Light
sensors are used for wide range of functions on
smartphones, tablets and many electronic devices. They
operate with motion and automatic brightness sensors
found in smartphones use light detectors like photo-
transistors.
(if) Security device application [36-37]: In the security
application, the luminosity detection is commonly used to
process shipping cargoes to ensure boxes are properly
sealed or not. Several types of motion sensors using light
sensors detect the change in light exposure. Photodiodes
are also used in smoke detectors found in offices, airports,
trains, etc;
(iif) Car device application [38-40]: Light sensors or
detectors are used in automobiles to detect surrounding
ambient light. These detectors turn on automatically the
lights of the automobile when it is dark. Nowadays, light
sensors are used in several car models to ensure driving and
parking safety.
Some particular reasons illustrating why the LP-NGD
prediction can be less efficient in some real-case of application
is discussed in the comparative study of following subsection.

E. Strength and Weakness of the Developed LP-NGD
Predictor

TABLE VI Despite the previous validation, one may wonder about the
CALCULATED AND MEASURED LP-NGD PREDICTOR CHARACTERISTICS LP-NGD predictor method limit Compared to the existing ones.
Parameters Atrise Alsan p r However, based on the authors knowledge, most of research
i - - 0 . . .
Calculation 485ms | -226ms | 102 97.4% work available literature on light sensor [2-11] are focused on
Measurement -50 ms -23 ms 1.019 98.6% . . ..
design, modeling and test but not prediction.
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Fig. 12. LP-NGD predictor real test results of luminosity sensor test shown by Fig. 1(a) representing the transient (a) voltage and (b) resistance.
Zoom in time-dependent resistance plots in the time intervals (c) [0, 6.2 s] and (d) [22.5 s, 27.5 s].
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Therefore, we consider some popular prediction method for
more general cases to state the effectiveness of the studied LP-
NGD predictor. Table VII recapitulated the main particularity
allowing to state the limitation of the LP-NGD predictor.

TABLE VII
RECAPITULATION OF LP-NGD PREDICTOR STRENGTH AND LIMIT
Predicfion . .
Reference time- Signal AmplltL_Jde x-y correlation
waveform dynamics
advance
hour and Depending
1] day scale on
and time- weather
advance variability i
26] | delimited [ Any No fimit Good
by the data Any
[27 processing
duration
r';ritl)linl Delimited by Sensitive to
. ADC & noise effect &
This work | second to Any DAC signal
several resolution bandwidth
month

The developed NGD prediction method is beneficial for
automatic detection with different ranges of time-advance with
any signal waveform. It is worth to note that the NGD digital
predictor is particularly advantageous for slow signals. But the
analog circuit based NGD predictor can easily be designed and
applied to fast signals with nano- and micro-seconds time-
advances as introduced in [16,17,18,19,20][23,24,25].
However, the NGD prediction digital circuit is not efficient for
large amplitude dynamics, noisy and very wideband signals.
For this reason, the noise influence study according to the
application environment constitutes the main perspective of our
research work study.

V. CONCLUSION

An innovative study of LP-NGD predictor application for
luminosity pre-detection is developed. The LP-NGD
theorization is elaborated by analog and digital TF analyses.
The theoretical expression demonstrates how the LP-NGD
predictor generates the negative skew by means of input ramp
signal. The methodology of POC synthesis, design and
implementation of LP-NGD predictor from the targeted time-
advances is introduced. The feasibility of the developed LP-
NGD predictor theory is studied. During the experimental test
of two practical study cases, the prototype was implemented on
STM32® MCU digital platform. First, signal generator source-
based experimentations were performed with trapezoidal
signals having different periods and rise/fall times.
Substantially, prediction of luminosity signals with pre-
detection and negative skew according to the targeted time-
advance is approved by MATLAB® calculation and
experimentation. The other validation study is based on
industrial test scenario. An original setup based on open/closer
drawer real test by using NSL-4942 photoresistor [33] was
considered to generate the light sensor signal. The obtained
results confirm the predictability of light sensor signal with -75
ms time-advance. The feasibility of drawer state prediction was
observed by using the LP-NGD pre-detector. Some potential
applications of the developed in LP-NGD predictor is

discussed. In the future, the LP-NGD predictor is expected to
be used in the societal consumer electronic devices and
industrial system notably on monitoring method of automatic
production line with light prediction [35-40].
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