o setup

dptcanceans lisuielivanill dout address (] side (Rd value (RN dout address side B value [

[PSVPRIR] |  [rep——— |
neg ll din address side dout address side R4 value
ain address [ side channel (K4
din address | side (5

aout address [T] side (4 channel [ value I | aout address [N side kg channel [Ed value T
acut address i side [8 channel K2 value il B [aout address #lde LR channa! walus

aout address (] side K4 channel value

- L L .
doutbit address [ side IXJ bit (K] value Il ot i rass (] side FEd cann el Pl vakie
-_— g T doutpwm address [ side bit (K4 value |l aout address side B4 channel value [
1 ¢ 3 setup
giod: » bin to dec Il

ain address side X4 channel

Analog (In 10/+10V)
Analog (Out 10/+10V)

doutbit address [l side X4 bit value [ doutbit address side (R4 bit (K4 value

Digital (In 0/24V)
Digital (O

VERTEBRAE

RIBS

One body, up to 128 digital VO and 64 analog IO

Jordi Binefa (online from Israel)

Xavier Pi (presencially from Auditorium)
Snap!Con - 2023
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| setup

‘ dout address [ side value i ‘Eut address side [Rd value ‘ dout address side FRq value

(read ain channel from response array .
‘(/m (din address side ‘;;ut address side value
(ain address l side channel

(din address [ side

";ut address l side channel value .

‘ aout address side channel value [] | aout address side ERd channel value
- ‘ aout address side channel value [|]
‘ doutbit address [l side bit (K4 value il ‘ aout address side channel value [|]

"doutpwm address [ side bit value i ‘ aout address side R4 channel value []

.t

Analog (Out 10/+10V)

—
setup

(bin to dec i

(ain address [y side channel

g -
doutbit address side EEg bit (kg value [] | doutbit address side FRd bit K4 value [

Digital (Out 0/24V)

>
-
N
=
.|
=
Q

-~ * Address * Value * dout * doutbit
VERTEBRAE * Side * Bit *din * doutpwm
* Channel * aout
RIBS ‘ * a|n

One body, up to 128 digital /O and 64 analog /O



http://www.iotvertebrae.com/

(AOL+/0L INQ) (A¥Z/O0 INO)
bojeuy [eubig

o
[
@
]
o
@
&
]
o
o
@

(AOL+/0L uj) (A¥Z/0 up)
Bo|euy |lenbig

COCCYX

VERTEBRAE

Side B

RIBS

One body, up to 128 digital 1/O and 64 analog I/O



http://www.iotvertebrae.com/

e ——
UEXT, an OLIMEX bus OUMEX

Connector pins description:

Pin | Signal Name
#
1 3N
| 1| | | 2 GND A4§ 8 m
afola 3 | DD "
4 RXD '
LLELL \
i ol 5 e 7 TER
33V TAD SCL MISO SCK G SDA .f’; _ \ \"'x
7 MISO X “. H
8 | MOSI 1 3/ 517 \9
9 SCK
10 SSEL
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U2EXT (extended UEXT)

+3V3 ¢ 12
STxp 3| 4 Rxp D eno
SCL 5 6 SDA
—= EH—§
Ai=}=1R MISO 7] |8  MOSI
S EH—3 SCK 9 | _l10 SS
40 &1 CANH 11| |12  CANL
§—=l EH—&
 — e Frm—"
+24V < C_ T > 424V
UEXT Extended UEXT
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EEET——S—
|12C Bus

Vee

SDA I:][i]

SCL

Resistencias

SDA
SCL

MASTER

SDA
SCL

SLAVE 1

SDA
SCL

SLAVE 2

SDA
SCL

SLAVEn

SCL

DIRECCION + R/W

LI

DATOS

(LTI ST

= L

Start

il

UL

¢ Stop
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CAN bitstream

CAN Bus

% Rterm

)
)

Stub Length

(( Stub Lengt

Stub Length CAN Node CAN Node
L
Not Terminated Not Terminated
AtNode AtNode
ISO 11898-2 Network
Complete CAN frame
Arbitration Control Data | CRC > End of frame —»|
g 2 &
g E E
% b S <o ot oaro g E
] Srnarok8 eI oY r2eNQUYANTQ LT ON-O
tlo & i 0003 EEEEEeESE0O0000000C 00000000 xPREILRE oo
Sm RN SOWT RN wo 3 S COCOCOXCCOCOCECOECEECECECr 0 0 0
HoB008380000008kK 0230 d88SS3888600660006666655552YR2220ALLEEL
o|oJofojo]1]o]o[1]o[1]o]oJo|o]o]1]o]0]0]1 1 1[1[1[o[1[1[1]o[1]o[1]oJo[1[A[1[o[A A [A A A [T A1 [1[1]1

2.5V

CAN Node
R‘e""% Microcontroller
L vlfﬁ:ﬂifde Coﬁ?(l)\lller Data Link Layer
AcNode 7 ) 180118981 .
CAN ! Medium Access Unit
Transceiver i (Electrical Levels)
4 150.11898-2,3
T\
Bus
0 1 0 1 1 0 0 1 1 0 1
SVW Recessive Vltage
Dominant \dltage
Dominant \dltage
_CANHI | Recessive ltage
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Peripherals used in this session

| * Hair dryer (230VAC)
* Bulb lamp (230VAC)
* Emergency stop button (normally open)
* Sound and light alarm (24V)
* 24V Power relay
* 4-20mA generator with 500 ohms R (0-10V)
* 0-10V Dimmer



https://en.wikipedia.org/wiki/CAN_bus

Peripherals used In this session

Power relay can be connected to 24V digital output.
It is a controlled switch between COM (common) and NO (normally open)

MG MO
COM

Light Turns On when
Relay Turns On
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Setting values on digital output using Snap!

dout block
- Digital vertebra address is set with jumpers on J8 connector.

| dout address [ side R value [N
- Value is a set of 8 bits (from OO0 to O7). 1 is relay on. 0 is relay off.

ertebrae.com o =

(Bit with jJumper is 1. Bit without jumper is 0)
- Side is where rib has been connected. It could be A or B.
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Setting values on di%ital output using Snap!

doutbit bloc
- Digital vertebra address is set with jumpers on J8 connector.
(Bit with jumper is 1. Bit without jumper is 0)
- Side is where rib has been connected. It could be A or B.
- Bit is a number between 0 and 7 (O0 to O7 outputs).
on).

e
| doutbit address side R4 bit [Rd value

B A3 A2 Al A0
Jh O 0 0 0

|-
Za'zol

[=9
<0
MNE

il

=]

|
Tol

D.
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Peripherals used In this session

Emergency stop button is connected to 24V and digital input.

PLC

IFII"’JIEJIEII_II_I

circuit2connect.blogspot.com
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Reading values on digital input using Snap!
din block

- Digital vertebra address is set with jumpers on J8 connector.

(Bit with jumper is 1. Bit without jumper is 0) B =
- Side is where rib has been connected. It could be A or B. RGIUELELEEE side
- Read value is reported by this block.

www.iotvertebrae.com
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Peripherals used In this session

Dimmer. It dimmers 230VAC. In this session we are using 0-10V control.
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Setting values on analog output using Snap!

aout block
- Analog vertebra address is set with jumpers on J8 connector.
(Bit with jumper is 1. Bit without jumper is 0)
- Side is where rib has been connected. It could be A or B.
- Channel is which channel we are about to write (1 to 4).
: Value is a 12 bit value from 0 to 4095) 4095 is 10 volts and 0 is 0 volts.

),

| aout address side R4 channel R4 value

A3 A2 Al A0
© 0 0 0

‘llusllg_m_

LN iiii :
o

U7
feee

lll| 2 mmmman
IIICIII ..-.-.

_H-ﬂ lllllll{ l =

Til)
111

ua| |n||
LT 1] S Elllllll
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Peripherals used In this session

4-20mA Current loop emulator. Connecting a 500 ohms resistor creates 0-10V

Current Loop Tester 0-20 mA to 0-10 VDC : 500 Ohms resitor

4 to 20 mA 2 to 10 VDC
Sensor Output PLC Input

- +
g 500 Ohms

() CIRCUITS D1y
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Reading values on analog input using Snap!

ain block
- Analog vertebra address is set with jumpers on J8 connector.
(Bit with jumper is 1. Bit without jumper is 0)
- Side is where rib has been connected. It could be A or B.
- Channel is which channel we are about to read (1 to 4).
- Read value is reported by thls block. 0 is -11.5 volts. 13280 is 0 volts. 26480 is 10 volts.
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Using Snap! on loT-Vertebrae

'setup.

E M to 2462ABDD3058

dout address [ side m ST 00000100 dout address [(iify] side En \'E1[1T-8 00000000 [ - MOTT .connect io
(din address i8] side dout address [{iil}] side FRd value [RERERER

aout address side R4 channel [IR4 value fl | aout address side ERd channel [Rd value
aout address side ERd channel value []]
aout address side FRd channel value []]

aout address side [Rd channel [d value [i]

with inputs (‘1)

dout address

(ain address [l side channel

doutbit address side R4 bit [Kd value [{] doutbit address side FRd bit B4 value [I

L& din address [0} side — 00000000 4§}>
| switch to costume alonzo:(vector) '["|D"Z f 800  +

join

switch to costume bell1
options i
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RXD

SDA

MOSI

SS

CANL

sa
IVIE3LE3IN

o/1 Bojeue g pue o/1 [eubip 8z} 0} dn ‘Apoq auo
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Digital vertebra (v1.0 —> v2.1)
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Digital vertebra (v1.0 —> v2.1)

1
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‘i 100 RST S

1 dvert2
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Digital vertebra (v1.0)

+3.3V
. c1 -
U1 < 100n z
SCL 22 cq S ool 100_0
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. 100_2 g :83_; GND<} Conn_?ZxOB_Ddij_Ev?dlo_o
> 1003 = —— 0% 001 3 4 1002
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Digital vertebra

v1.0 v2.1
« PCA9555D « ESP32-S3
(I/0O expander 16 bit I2C) (Microcontroller)

3 bit address (0x20 .. 0x27)
|12C communication

4 bit address (0x20 .. Ox2F)
12C and CAN communication

Indirect communication vert/rib

Direct communication vert/rib
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Digital vertebra (v2.1)
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Digital Inputs Rib
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Digital Inputs Rib

hrae.com
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Digital Outputs Rib
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PNP and NPN Outputs

PNP 3-wire Standard Diagram NPN 3-wire Standard Diagram

The Sensor

/ rl'.T [“‘. ._]_.- ! ...__.._+
4 Yo Toad | NPN Output
|| L) ot = Load | utpu
Vo T " D |5
—£] & o o £
R - PNP Output ™
a "y -
|} -
Connector The load

Pins
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_____________
Digital Outputs RIb
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Analog vertebra (v1.0 —> v2.1)
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Analog vertebra (v1.0 —> v2.1)
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Analog vertebra (v1.0)
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Analog vertebra

v1.0 v2.1
« PCA9548ADW « ESP32-S3
(8 Channel 12C switch) (Microcontroller)

4 bit address (0x10 .. Ox1F)
12C and CAN communication

3 bit address (0x70 .. 0x77)

|2C communication
Direct communication vert/rib * |ndirect communication vert/rib

Common in both versions

* |solated I2C communication (3V3 vertebra, 5V rib)
* |solated supply between vertebra and rib
* Vertebra converts external 24V from rib to +/- 12V
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Analog vertebra (v2.1)
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4 analog inputs (-10V to 10V)
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4 analog inputs (-10V to 10V)
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4 analog inputs (-10V to 10V)
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analog outputs (0 to 10V)

MOD [EXTERNAL MCP4725 MODULES)
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analog outputs (0 to 10V)
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4 analog outputs (0 to 10V)
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Analog (In 10/+10V)
Analog (Out 10/+10V)
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Digital (In 0/24V)
Digital (Out 0/24V)

VERTEBRAE

RIBS

One body, up to 128 digital /0 and 64 analog /O
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