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ntroauction

What is a PV-T ? Solar

Combines PV and ST modules into one integrated panel
Provides heat and electricity simultaneously

Solar cells and a thermal module

Role of heat transfer medium in heat extraction.

Photovoltaic
Why PV-T ? Advantages
Svstem Svstem
= Energy demand « Less bulky
= Global warming « Simple operation
« Heat and electricity simultaneousl « Mediums found abundantl -
Y y Y Photovoltaic
i . Thermal System
. Total efficiency of more than 50%. « Work in all temperature.

Basic working principle of PV-T collector.
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Ntroauction

- Mainly composed of solar cells, heat exchanger and fluid + Other optional components can be added. [UUUU
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Different configurations of air-based PV-T collectors. based PV-T collector.



Different configurations of hybrid PV-T collectors are
considered

Requires a thorough study of heat transfer
Focus is to present a dynamic model

Few assumptions are made

Approach is based on a bond graph technique

. represented by symbols and lines v S0Urces

. resistance, compliance, and inertance < effort and flow

~ multiple domains ~junctions.

Fluid out
— Electricity
e e
Fluid in
Overall view of a PV-T collector.
O-junction 1-junction
flow equation Yo fi=Y for fir == fin = fo1 = o = fon
k=1 k=1
effort equation €l = o = Cim = €01 = ... = Eon Y ek =) co
k=1 k=1

Flow and effort expressions for junctions.



»

)

Modeling

Dynamic thermal model of a water-based PV-T collector

dT,
g __
MgCg dt - Amod[agIsun - hr,gs(Tg - Ts) - hv,am (Tg - Tam) - hc,gc(Tg

dT.

MCCCW = Amod[TgacIsun,B + hc,gc(Tg - Tc) - hc,ct (Tc - Tt)] - Ep
dT;

Mtctg = Amodhc,ct (Tc - Tt) - Atmhc,tm(ﬂ - Tm) - Atrhc,tT(Ti - TT)
dT,

MT-CT-E = Atrhc,tr(Tt - Tr) - Armhc,rm (T'r' - Tm) - AT"ih‘C,'f‘i(TT‘ - Tt)

Mmcm% = Atmbetm(Ti—=Tw)+Armhe pm (T =T~ Amile,mi(Tn — Ti) — Amwho,mw(Tm
dT,, .

M, Cy, F = Amwhv,mw (Tm - T‘w) + 111, Cy (Twi - Two)
dT;

Mzczﬁ = Amihc,m'i(Tm - T’L) + Arihc,ri(Tr - Tt) - Amadhvgmm(Ti - Tam)

.~ electric power

IS’U,’)’L

Ep - IsunAmodnref 1 - ﬁp(Tc - Tc,’ref) + dln (#)]
sun,ref

4
v ﬂU|d temperature h;fltfsi.‘y = qui‘u I;dfu - Tﬂky
’ Tgfu - Turnb
T4
T _ (T’Uﬂ +Two) hr}! by = g0 T;fu Tnky
v 2 /ey ’ Tgfu - Tﬂ:rnb

- Tc)]

Thermal model expressed as
t(t) = Ax(t) + B(x(t))u(t) + Gv(t)
y(t) = Cx(t) + Dv(t)
. state vector
v=[T, T. T, T, Ty To T;]"

»disturbance vector

V= [Tam Isun Twi ]T

— Tw)

~ mass flow is the control input.

disturbances

e

solar wind ambient
radiation speed temperature

v v v

PV-T
collector

outlet

temperature
control

input

thermal and
electrical output

mass flow
rate

> electric

power

Inputs and outputs of the collector.



Modeling

Air-based model-I|
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Modeling

Air-based model-11
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Temperature distributions of the air-based PV-T collector components; (a) Glass
cover. (b) PV cell layer. (c) Fluid (air channel). (d) Insulator.



Modeling
Water-based model

Glass Cover—
Tedlar—

Insulator —|

<PV Cells Metallic bond

Metallic tube

PR 5

Metallic plate  Inlet water tube Absorber
& Tube (
a)
50 30 1450 50 ' :
e 1 — -2
T 750Wm

45 gl " N ~ —500Wm™2
— o 2 a5 - ]
) w0l 5 N £ .o;,45
Cx .28t — = 2
g o c R
5 S
&35 227 1100 F £ 40
5] @ S =
Sl 3 : :
§ 5 26 5 5

i E £35+
25 25/
20 1 ) L . ) L A 24 | ] I . 1 ] I 150 30 - . . .
6 8 10 12 14 16 18 20 0 500 1000 1500 2000 2500 3000 3500 4000 0 1 2 3 4 5 6
time [hour] time [sec]

wind speed [ms']

Temperature evolution of PV-T components. Fluid temperature with a step change in solar radiation. Influence of wind speed on thermal efficiency.

45 i
129 0.0075kgs ' 50 : . .
~~ 0.005kgs ™'
3 12 & 540 0.01kgs™ i
) g ) - )
2 g g Sl
£ 155 T35 g
] © P 2
© s a g :
E = g %35 - ; —experimental T |-
[&] - —
g "3 307 ] o —experimental T
30 --thisstudy T
%0 8 0 12 14 16 18 20 07 25 : : : : : - - this study T,
time [hour] 200 300 400 500 600 700 800 25 . ‘ ‘ :
solar radiation [Wm®] 7 8 9 10 11 12 13

time [hour]

Hourly evolution of temperatures (cell and outlet fluid) both
experimentally and theoretically.

Daily hourly variation of electrical and

Influence of mass flow rate on the output temperature.
thermal efficiencies.
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Modeling

Decision tree algorithm

Makes use of input-output data sets to train models
Regression model is used

Multi-output decision tree algorithm is implemented.

Orignal feature set

70% training dataset 30% validation dataset

Model <—| Validation

Fig. 41. Schematic representation.

Artificial Neural Network

High learning ability and capability
Consists of an input-output layers and at least one hidden layer

Continued until error is zero or difference is within target
threshold.

linear
l1—» (D1 combiner .

output activation
Lz —» @2 q) function
5 ; — Y —»|f()}l—>Y
i output

@D Th signal

In—» Wn threshold

input weights
signals

Fig. 42. Basic model of the neural network.

10
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Modeling

An accuracy score of 75% is achieved for decision tree

algorithm
Input variable Iy, (Wm™2) T,y (°C) Vi (ms™!) ity (kgs™")
_ upper bound 700 31 5 0.05
Root mean square error calculated is 0.107 lower bound 100 21 1 0.005

Lower and upper bounds of input variables.

Threshold limit or the convergence limit for ANN is 1x1077.

— 0.2 ‘ - ‘ ' 40 : 10.145
St Predicted T g —Actual T
—Actual T 0.18 g -~ Predicted T _ |
o ||« Predicted 1, g ‘; 10°} & 2 [| - Predicted 1, 014 8
%30 || —Actual 7, 0.16 © = || —Actual 5, g
2 s B 230 5
9 © - g ©
g 0.14 £ S 8 {0.135 .2
£ ° o £ 3]
225} < ﬁ 8 »s £
0.12 g10° L
2 e l0.13
. 1 A A . . 20 ¥ 1 L i _t J
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number of samples Epochs x10* number of samples
Comparison of actual and predicted outputs Mean squared error (ANN). Comparison of actual and predicted outputs

using decision tree algorithm. using ANN.



pJesign or Innovative FV-

Hot Water

Cold Water

12
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Design ot innovative PV-

Geometry of thermal section

. T L lta
Embedded with storage tank pv.0 ;
EH
Serpentine tube takes the heat from the top :Ttaji
TW,D T‘-3
i .. : : . . . PV-T Storage
Heating element is included equipped with electrical resistance wires module tankg
Fig. 46: Schematic (_:iiagram of PV-T
Pump is an additional element and consumes electrical power. module integrated with a storage tank.
Glass top !
Py et e
: —— === Storage tank output dpe .
Storage tank input s = - . Tta Jlﬁ|: m“_.
Insulator ﬁ_‘ - T — T s
Closed loop Heat Storage i St Heati
serpentine tube  Exchanger tank nsulator t:;ige elz?nh;ngt
Fig. 47. Cross-section view of PV-T integrated with a storage tank. Fig. 48. PV-T system integrated with a heating element.
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Design of innovative PV-T

Results - CFD

» CFD model has been setup with boundary conditions

« Assumptions are considered

- Similar temperature distributions can be obtained for other components

. Error found in case-1 is 3.40%, 4.10% in case —Il and 2.87% in case-lIl.

Temperature
ped Tank
359.00

345.50
332.00

318.50

305.00
(K]

Fig. 54. Temperature distributions of the storage tank fluid
incorporating an electric heater.
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(B)

Case-1 Case-11 Case-I1I

(©)

Fig. 55. Temperature distributions (a) PV cell layer. (b) Serpentine
tube fluid. (c) Storage tank fluid.
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Design of innovative PV-T

Results - Influence

= Material change for absorber and tube Material T, (°O)
Copper 43.63
Aluminium 43.01
= Thickness of PV-T components — o) T 0
Copper and aluminum. v “
80 37.10
25 35.63
« Fluids for serpentine tube L,y (mm) T, (°C)
1.00 43.63
0.50 44.39
= Used engine oil as an absorber.
Fluid Temperature (°C)
Pure water 43.63
Pure glycol 46.86
Mixed wt%50 45.45
Paraffin wax 46.63

Component Temperature (°C)
Absorber 50.81
S. fluid 41.6

Glycol, water and PCM. Engine oil. Influence of geometrical parameters.

15



» Genetic algorithm is implemented

= AIm is to maximize the output and reduce the cost for component thickness

» For mass flow, the aim is to maximize output and PV efficiency

= Bounds are set considering real values

= Upper and lower bounds of mass flow are set as 0.05 and 0.005 kgs™.

Design parameters [, (mm) [; (mm) [, (mm) [;(mm)
upper bound 5 1.5 2 80
lower bound 2 0.5 0.5 10

Table 5. Lower and upper bounds of the design parameters.

START

Set GA
parameters

Optimization

[ Create initial |

population
\, v

initial
generation
., v

—P

w

Evaluate |

fitness value
N .

No
— P Stop
4 4 v
Selection .
Crossover Mutation
process
1

A 4

[gen =gen +1 ]4

Best
solution

END

Genetic algorithm flowchart.

16
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Optimization

0.02 w T T T 0.01
0.015 ‘:_—0.008
- Temperatures are calculated considering different £ < 0000
- ;C: ' %o.ocm-
thicknesses £ 0005 g
0.002
° 1 2 3 4 0 ]

best variables

best variable

= Optimal thickness and mass flow variables are obtained. () (B)

Fig. 61. (a) Best thickness variables. (b) Best mass flow.

Component I (m) T.(°C) Two (°C) 1ot (%) o ey 50 | | | | 17
glass (g) 0.002 49.70 43.16 14.97 4511 The -005kgs" 45 b
0005 4992 4328  14.95 I 5
tedlar (£) 0.0005 48.69  44.26 15.04 S| 005" g0
0.0015 50.60 4244 1490 Be 505
absorber (r) 0.0005 49.85  43.23 14.95 a0 5
0.002 49.70 43.08 14.97 sl 80
insulator (i) 0.01 48.84 42.21 15.03 [ I\ N . | .
008 4987 4322 1495 e e w o w e wom O e
Table 6. Summary of temperatures and efficiency Fig. 62. PV cell, outlet water temperature and PV Fig. 63. PV cell, outlet water temperature and PV

considering upper and lower bounds. efficiency evolution with different mass flow. efficiency with optimized variables.

]

electrical efficiency [%
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uncontrolled inputs

.’ﬁ"‘“\
solar wind ambient
radiation speed temperature

R N

corirol Cmass flow —=* temperature } ourpurt
inpur rate PVT ~  electric electrical
power QLTI iLL

{31.25, 41.67, 50, 34.48, 47.66 & 76 }

Tf ka‘ug 0.42
, Gavg (s) = iy 1+5Tapg  5+0.024
Gain {-15,-19.17,-22.5, -14.14,-17.14 & -24.61 } r avyg .
cnntml
reference + eITor input output
®—> Cnntrnller Plﬂl‘.lt >
desired mass flow measured
temperatire rare temperature

Simple feedback control loop.



401 "'Tf,o T
. —T
= How controller parameters are obtained? Saol =
9_.39
)
ang—S_i_a (s) = P+? g /
§a7t
» Closed loop transfer function 36 '
. 1000 2000 3000 4000 5000 6000
F(S) = b(KpS il Kl) time [sec]

2 .
s+ (a+ bKP)S +bK Response of Pl-controller with constant solar radiation.

800

» Controller parameters can be written as:

IS
o
[
:
[
1
—
-
o

— 2 0 40.1 780 €
Ky = 2_@;; S % N 1 %
';3} 4Op-mmmmmT J/ """"""""""""" Tl760 8
g 750 ?
= Controller tracks the reference point e e 8
39.8| 730
500 1000 1 5‘00 20100 2560 3000

_ time [sec]
= Controller compensates the solar radiation change. _ _ . L
Tracking of desired temperature and disturbance rejection.



H-infinity Feedback Control

= Designed for air-based model-I « State vector x contains

T T
- Complex model v=|x x x] =T T T}

. « Feedback control loop
« LInearization

« Computation of the systems Jacobian matrices = Control scheme

. Current operating point

= Requires the solution of an algebraic Riccati equation at solution
P

each timestep of the control algorithm

- The initial nonlinear thermal model of the collector is
described in the form

X = f(x,u,v)
Control scheme for hybrid PV-T thermal model.

20
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« Designed for air-based model-I oo e
- =800F
i i E % g
. Fast and accurate tracking of the reference setpoints 3 Lm0l
525 % |
o] po
- External inputs directly affect the state temperatures s, B0
3 |
. . 650 i
. Desired value of the states is updated e 1000
- Reference is tracked by rejecting effects of the disturbances.
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Tracking of reference setpoints by state variables. Evolution of the control input exerted.

2000

45

3000 4000 5000 6000
time [sec]

External inputs imposed on the system.
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Evolution of the outlet temperature.

6000

21



Control

H-infinity Mixed Sensitivity Control

-« General configuration with generalized plant

« Templates for the sensitivity functions S and KS
= Model is linearized around equilibrium points

= Transfer function is adequate for control

= Controller is calculated using function hinfsyn

« Order 5 to the order 2

- Model reduction approach using balred

1.21e 752 4+ 0.12s + 1.80e 3

K _
ed(S) = 3 1 560 25 + 4,090 3

C C
™ P(s) L W 1 —| W, "2
—» lV
:| —> K » G —;O——»
i . u * y
AKO e ]
(A) (B)

Fig. 72. (a) Generalized feedback system. (b) Complete control scheme.

singular values (dB)

=8 8 &5 8 8 5 o 3
A T T T T
singular values (dB)

LI M.

10' 10 10 10° 10'
frequency (rad/s) frequency (rad/s)

(A) (B)

Fig. 73. Sensitivity functions of the robust control system: (a)
Sensitivity function. (b) Controller*Sensitivity.
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Neural Network Control

. r ‘ . . , x10°% , , ‘ ,
. Levenberg Marquardt Backpropagatic - . S T " o
algorithm is used = | % - = o o7
94 27407 129 3 =l g
&, c o 2N 9 L
3 S | 2 =, - 0.136 é
- Control input is injected to the real plant s | g o,z 8. 0135 £
B t_uo‘:TOD 2 E >
P22 o s lpg ® sl IJ 10.134
Reference is tracked even with external input 10002000 8000 4000 5000 6000 T e v N
time [sec]
External inputs imposed on the system. Evolution of the PV efficiency and
» Comparison of the controllers. control input.
40 ' T T T
Two Twor 45 | T—T— T T—T, _Ti|_ w0}
I S0t 535 f
O ; O O
£a0 1 2% §30
g g 8
F E
E S'Ee % 8o5; —basic NN
251 - ~NN predictive
/ ~~NARMA-L2
/ 20 reference
200 1 OIOO 2050 30‘00 4060 50I00 6000 200 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000
time [sec] time [sec] time [sec]
Evolution of the outlet temperature and Evolution of state temperatures. Response using basic controller, predictive controller and

disturbance rejection. NARMA-L2 controller.
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Control

Sliding Mode Control - Sliding surface is described as;

S=y—
« Designed for water-based model y Yref

- If reachability condition SS < 0 is fulfilled, the switching
. Advantage is that the closed-loop response becomes totally surface is known to be attractive
insensitive to some uncertainties once in the sliding mode

- The model was simulated using the following control law
= AIm Is to control the water output temperature U= u. + lieg

. u is the control input and v includes the external disturbances u, ensures convergence to chosen surface.

w
B

102107 . . ‘ 200 1o 2107 ; : . 30
Yret[1 —u —u
32 -y | —I _Tam
9.5 sun . 8l o8
o) — 750 — 28
Lot - £ - 1S
g 2 = 2 o
2 I 5 = 6f 5
© 28 g 700 = Z 126 B
g 7 3 P g
E, 26 | g 85+ - é ol 5
650 9 24
24| / sl
2f
2t : : : : : : : 600 : : : 22
0 500 1000 1500 2000 2500 500 1000 1500 2000 2500 500 1000 1500 2000 2500
time [sec] time [sec] time [sec]
Convergence of output to the desired point. Control input with a change in solar radiation. Control input with a change in ambient temperature.



Observer Design

= The objective is to design a nonlinear observer.

= Designing observers is a challenging problem due to its importance in automatic control design such as:

.~ control
~ monitoring

. fault diagnosis.

. B(Z) can be written as:

B = 2C7C

= The observer for the system is given by:

. CcT CTD _
2?21 i A; T — szyu —+ J2 1 vu —+ g(y) + O

CT + Dv

x

(J

» Linear matrix inequality (LMI) is used to compute the observer gain.

|

lnterreg‘;__!@'-’-;
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FProposition:

An observer of system (15) is given by

s - j%!crqﬂ - .fﬁtzrjﬂjii -
T =Yy mAE — S —ju o+ ———vu+g(i) + 6

(19)
where g(y) i1s chosen as:
. ct . -
o) = 2 g+ Los (20)
which can also be written as:
i cro.
o(0) = (Li+ 22 ) 1)

and L; = L = (1/2)X~1C7, i = 1,2; X is the positive

definite symmetric matrix satisfying the LMI's.
ATX + XA, - CTC < -29X, i=1,2 )
X =0 ’

where v =| f |= 0, (—f) being the lowest the fastest pole
of (15).

Observer Design

estimated error

500 1000
time [sec]

Estimation error.
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Observer Design

Observer design with known inputs

= Designing observers is a challenging problem due to = The objective is to design a nonlinear observer
Its importance in automatic control design such as:

+ B (@) can be written as:

@=L

» control

=

~ monitoring

_ _ = The observer for the system is given by:
. fault diagnosis

= . CT CcTD
{ f:Z?:lle;AiT—ijl @u—|——f2 1 vu + g(g) + 6
= Provide an estimate of the internal state of a plant g = CT + Dv
= Designed observer for water-based collector « Linear matrix inequality (LMI) is used to compute the

- Multiple model developed is used observer gain.

28



Observer Design

Observer design with unknown input (Water Inlet temperature)

~ Objective is to construct an observer subjected to an

unknown input

. Improvement in the design

= Multiple water-based model developed is used

« Lyapunov approach is used to ensure stability

« LMI is solved simultaneously

- Necessary and sufficient conditions for the existence of

such approach are given

. Unknown input observer for the system is described as;

( Z(t) = é}l uiDiz(t) + Ez(t)u(t) + ié 1;L;Y(t)
\ () + Hu(D)Y(r) -
x(t) = z(t) + MY(t)

» System is unknown input state observer if and only if

lim || £(t) — x(¢) [|[=0

t—o0

« Solar radiation and ambient temperature are not chosen as

unknown inputs

« Fluid inlet temperature cannot be taken as unknown input because

measured output contains it.

29
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Observer Design

« Initially simulated without any unknown input

» Choosing systems and observer initial conditions randomly

= Asinusoidal input is injected with similar conditions

%) @ a
=) o o
T T

Ny
o
T

-
[$,]
T

state trajectory and estimate [°C]
— o
o o

(=] w
R

500 1000 1500 2000 L

o

time [sec]

True states and their estimations without
unknown input.

» Real states are tracked by the observer states

« The results clearly agrees with the theory made on

the observer exponential convergence
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Applications

> Low-temperature applications take in heat pump systems and heating swimming pools or SPAs up to 50°C.

The applications of the PV-T system are classified according to their temperatures.

> Medium-temperature applications are found in buildings for domestic hot water and space heating where the
temperature of up to 80°C is required.

> High-temperature applications with a temperature above 80°C are required for certain industrial processes, e.g.,
desalination and agro-industrial processes.

The applications include:

Building

Most common application
Mounted on the walls
Occupies less space
Better efficiency

Energy obtained can be
utilized for domestic water
heating and space heating.

Heat Hot water Space heating

Electricity

PV-T roof-top array supplying

Wwww.interregsolarise.eu

heating and electricity to building

Greenhouse drying

Popular in
countries

developing

Preservation of agricultural
products and food

Dried products are very
good source of nutrients

High  temperature may
damage the product and the
germination capacity.

=—» PV Module

B | E i

— DC Fan
(Air Out)

> Tray

Air In =l

— Leg

Greenhouse dryer
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Applications

Desalination

Promising  solution to
drinking water

Can be used for irrigation purpose

Requires high temperature

Useful in remote areas
isolated islands.

District heating/cooling
Requires large space/area

Parabolic trough collectors
are recommended

Useful for regions such as
the Mediterranean, Gulf,
and South Asia.

Benefits include community
energy management, safer
operation, increased
reliabilityy, —and reduced
operation costs.

andPVimegmd

O btal n Condensing glass cover

Solar radiation, T, (t) ; et
M

FPC ——p

Basinliner, o ’Is(t)

—Insulated pipe

e
PV-T Hybrid active solar still

4

g
cooling plant ., Y/ ‘, )
{ MY

District heating and
cooling network

Fig. 10: PV-T district heating
and cooling.

Refrigeration

It can be used in medical
laboratories, marts, and
slaughter houses

Especially for isolated islands
and coastal regions.

compressor

four-way
reversing valve

el

S—
e%
Do
ice storage tank grid °0nnected—€-

—e—
electronic expansion
ve

dfy ﬁltef val
€
D

thermal storage tank

- one-way valve
refrigerant
reservoir

Schematic diagram of the proposed PV-T heat
pump system on refrigeration mode
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Applications

Drying

Drying is a fundamental process in many industrial applications.

Drying chamber

Polycrystalline silicon solar
PV/T air collector

Popular in developing countries for the preservation of agricultural products. \

. / Battery
@e f\‘/DC sensor

Dried products are a very good source of nutrients. Bmonpglions silicon salar

PV/T air collector ;;/"' @ \ @
Pyranometer & Control l;\t
. .. . . . | ontrol cavine 1
It is very critical process and must ensure that the dried material satisfies recomr . I CharEsAndihargy
epe L. Ambient temperature controller
specifications. /X

Schematic diagram of PV/T drying system.
Control is important in order to guarantee the quality of dried products in terms of

. Color

SUNLIGHT \ n
Visual aspect \ \ =
Flavor
/7
Retention of nutrients
=

contaminants content.

AN

<

AN

<

INSULATED FRAME
A lot of research has been done and is always ongoing. Solar dryer.
CENTER FOR ADVANCED

RESEARCH INDRYING
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Applications

« Useful thermal output used for drying.

- Waste heat at the outlet air can also be recovered.

» Input temperature is proportional to the output air under recycling scenario.

-« Electricity generated by the PV/T can be stored and used when needed.

» Output air temperature can be close to its maximum if:
~ The recycling efficiency is high
~ The air flow rate is low.

- Only needed to set the air flow rate to a low value that allows:
The collection of the heat from solar energy

v

~ The moisture removal
.~ The heat recovery from the outlet air.

Air desumidifyer/

A

Heat Exchanger
.:{
®
=]
o
Inlet Air
—>
Solar :
Irradiance Drying
Chamber
Wind
speed / C—
Ambiante
temperature —————
Electric Battery

Power

Solar dryer with air recirculation.
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‘ EE Architecture - SOLLAB

Process Monitoring of SOLLAB

CAN Bus Option
PVT water PVT air Motorized PV Lighting
Sensors Actuators Sensors Actuators Sensors Actuators Sensors Actuators
[ECU |/O Board WJ [ ECU I/O Board A J [ECU |/O Board MJ { ECU I/O Board L J
I Bus CAN I

Interface PCB (ECUs / Laptop Interface) J

Serial
Port

PC [ Database ]
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Process Monitoring of SOLLAB
Wireless Option

EE Architecture - SOLLAB

PVT water PVT air Motorized PV

Sensors Actuators Sensors Actuators Sensors Actuators

[ECU |/O Board WJ [ ECU I/O Board A J {ECU |/O Board IVIJ

7y
I

o
Publish | ESubscribe

|
Publish | ;Subscribe

7§
|
|

Subscribe

Lighting

Sensors Actuators

{ ECU I/O Board L J

7§
|
|

Publish | ;Subscribe

|
|
|
oo
|
v |

|

I
i
Publish | |
| : | : | :
v | v | v |
{ MQTT Broker « Server » - Mosquitto
I f F B T F

Publish : éSubscribe Publish : iSubscribe

Publish : iSubscribe

*

[ Website J

[ Node-Red J PC { Database J

Publish | Subscribe

v |
Mobile
Application

38



ioT Datalogger

JTAG 20-pin

Red 3v3 vTref | 1002 | —
Gray RSTNTRST | 3ee4 | GND GND
Orange 1012 TDI | 5006 | GND Black
Yellow 1014 TMS | 7008 | GND
Blue 1013 TCK| 9 10| GNDGreen
(1o GND) RTCK | 11e012| GND white

Purple 1015 TDO |[13ee 14| GND  pins 14, 16, 18, 20:
RESET |15 16| GND  On some models like the high-end model J-Link
PRO, these pins may not be connected to GND
DBGRQ (170018 GND 14y, reserved for future use/extension. In
5V-Supply |19e @20 GND case of doubt, leave open on target hardware,

(oo | —fa0)
o | N\ fGen2d sl SPIMOSI
02 | o\ L] 6e1022)oucr= voRTS |userib/ Wire SCL

ESP32-WROOM-32 PINOUT
(aka ESP32-DevKitC)

ESP-WROOM-32

0 serial i EEl}—e [
A TAGRESET A Gl H—e | o
A g Pl It e 50 | o0

[ Jcontrol (0P hrcao3 o3 sens W o039 ]\ 0 | S 700 | &\ L] ol e 70 ] PROGRAM Port
B Physical Pin mo@m lioert] 34T\ o | 10w oo | o\ T3] (RO
__JPort Pin ' 1035 021 | o\ B o w0/ Wire SDA
) 1032 G | e— AC
4 uch ol s | (08 o | o\ -Eeut8 e TS ] SP1 MISO
[E0xc pin os | I8 on | O\ £BeulE  wlsmn SPI SCK
/A Pin 0% | [ 105 M@.lewm@qw' SPISS
o7 | (O 017 | 0\ p1017 | THD o
TMS fisact | soctk bspacu M | fieh® hrcrot6 o | (OE 016 | &4\ E] 1016 buc{LoRXD fssound
TDI fseoumd ooz wsorg | DI | nnmzsﬂwwmzm-/\,o o2 | [OF 0: | ¥\ eerod ol mmmmow 00 [nsertD)soams fszomy
E}—- | oo | [6] 100 |
ey MMM_W"M@J\/'. o013 | L8] 102
FLASH D2 [s0n o iaR0] o0 [ omod FE\ o | so2 | [8 1015
FLASH D3 [sooms)jsoms 0] e ool \ ~» | 02 | [Sk o1
FLASH CMID 900 oo |afTS o0 ol -\~ | w0 | (OIS 500
Adapted from data at: i O C_LK J\rmaojp{«spﬂkc‘ UIUS” ) W FLASH SCK

http://www.espressif.com/sites/default/files/documentation/esp_wroom_32_datasheet_en.pdf

https://cdn-shop.adafruit.com/product-files/3269/pinout_wroom_pinout.png
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1 a3 33 " 20 " aMND GMD

2 EM " 21 PAicrosh YSP MO 023 GPIOZ23
3 AP A6 Input A GPIO3A 22 RTC [2C-5DL 022 GRPIO2Z22
4 A AS9 Input A GPIO39 23 Progranm THD0O TADO GPIOL1

Debug/Mextion
5 0354 Ao Input A GPIO34 24 Progranm RxDO RxDO GPIO3
Debug/Mextion

B O35 A5 Input A GPIO35 25 RTC [2C-5004 021 GPIOZ21
7 032 832 Input A GPIO32 26 " aMD GMD

o (O35 AD3 Input & GPIO33 27 PAicrosh WSP1 MIS0 (019 GPIOL9
a9 025 DAaC 1 Qutput & GPIO25 24 Microsh WEP| BCK 015 GPIOL1E
10 026 DaC_ 2 Qutput & GPIO26 29 Bus CAN AN Ty 05 GPIOS

11 027 LED_27 Qutput-0 | GRPIO2ZT 20 alkAS00L-RX THD 2 017 GPIO17
12 014 RAD1 GP>TX GPIOL14 3l SIMAS00L-TX REDZ 016 GPIOLa
13 (012 TED1 GP=RX GPIOL12 32 Bus CAN AN Ry 04 GPIO4

14 GMD GMD " 3z DRINME/STOP POS PIN o0 GPIGO

15 013 Temp Input D GPIOLS 34 Buzzer 3.3V BLZZ PIM 02 GPIO2

1a ah2 GPIO9 35 Microsh o5 015 GPIOL1S
17 =03 GPIO10 36 =Dl GPIOES

1la ChAD GPIOL1 ar =00 GPIO Y

19 =1l Sy " 38 CLE GPICE
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| Node-Red - MQTT

- Windows (192.168.43.xx : 1883) « ipconfig »
- UPIV MQTT Server : elab

R0

.,

-t topic —m « message » -t topic

!

lII
|

|

MQTT Client
Publisher

- ESP 32 - Interface (NodeRed)

https://elab.u-picardie.fr/ui/
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