AN INTRODUCTION TO THE
12C SENSOR CONTROLLER (ISC)
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use with other
peripherals?
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DROP-IN DEVICE BETWEEN

UKMARSBOT AND SENSORS

UKMARSBOT 12C Sensor Controller

Sensor Board

Power

12C Bus -—

Y

Voltage
Selection

Bl

Interrupt -.—

| (Programmer) -a——

ATtiny814
MCLU

Y

Power

Sensor
| Transmitters

Indicator
LEDs

Sensor
Inputs

IAS from hoard -e—

Programmer
Connection




SPECIFICATION

Connects directly between UKMARSBOT and existing UKMARS sensor boards to offer an I°C interface for sensors / LED
indicators

Selectable Operating/ADC reference Voltage
o 3.3Vorb5V

Supports UKMARS sensor boards that contain up to
o 5 x Analogue Sensor Inputs (6 if utilising A5 Analogue Sensor pass-through)
o 1 x Common Transmitter Output
o 2 x Indicator LEDs

Configurable Indicator LED control
o Master Control (over I°C)

Sample Frequency output

Slow/Fast Blink

State Indication

Oneshot
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SPECIFICATION

Collects sensor data periodically, with configurable:
o Ambient light removal
o Sensor transmitter pulse length
o Resolution (8-bit / 10-bit)
o Sensor selection — disable unused sensors for increased speed

Calibration mode
o Returns normalised sensor values

Threshold Comparison
o Compares each sensor value against a configurable threshold value with hysteresis to return Sensor state

Configurable Interrupt Source (may be polled)
o Rising and/or Falling Sensor state change
= |ndividually Settable for each Sensor




LIBRARY

List of ISC Library Functions

Contral / General

Loit(adde)

S——

Laknablents)

cesetf)

CEad(Legadar. Tumats)

write(regaddr. data, gus¥aLs)

getLicuvers)
i A
LEDs

SeHLELEED (vl
$6561005LED val)
SELEOHIERS yaL)

Sensors

gEleelsaceLs)
geival(sensor)

Interrupts

enoblelnterruntsens)
disgbleloterrupt{sens)
gelIotercuatlsens)

I o TaFornmantSconc

Resst ISC at given address

Start 150 main routine

Read enabled state of 13C, returns 1 or 0

Drops 13C out of main loop, and resets parameters (powerup state)
Read value at rggAddr, for pumalregisters (1 or 2)

Write data to pegdddr, for pumal registers (1 or 2)

Read firmmware version of 15C
Read time taken for 13C to complete = full cycle

et Left LED mode
Set Right LED mode
Set both LED modes &t the same time

Read =ll zensors &t once, returns putputlisif]

Read specific sensor, returns value

Zet amouwnt of Transmitter on time [in us)

Read amount of Transmitter on time (in us), returns value
et Threshold, abowve which state is HIGH

Read Threshold, sbove which state is HIGH, returns value
Set Specific senzor configuration

Read specific sensor configuration, returns value

Read zll zensor states, returns value

Zet Hysterasis [global for all sensors)

Read Hysteresis valus, returns value

Enablz interrupt for specific sensor
Disable interrupt for specific senzor
Get Interrupt flag state for specific sensor, returns L or 0

o [P U S . | [N . . S —

Micropython Library

- For this presentation, the Micropython library shall be
used

Arduino Library

- Almost exactly the same as Micropython, just C++
syntax

g




LED INDICATORS

O 00~ O BN

=
(&)

import ISC

ISC.init()

ISC.enable()

ISC.setBothLEDs(ISC.SLOW_BLINK)




LED INDICATORS
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import ISC

ISC.init()

ISC.enable()

ISC.setRightLED(ISC.FAST_BLINK)




LED INDICATORS
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import ISC

ISC.init()

ISC.enable()

ISC.setLEDs(ISC.SLOW_BLINK, ISC.FAST_BLINK)




LED INDICATORS

Functions
I5C.setleftLED()

ISC.setRightLED()
ISC.setBothLEDs()

Commands

ISC.OFF OR 5}
ISC.ON OR
ISC.TOGGLE

ISC.FAST BLINK
ISC.SLOW BLINK
ISC.ALT SLOW BLINK
ISC.5ENS5_0_STATE
ISC.5EN5_1_STATE
ISC.SENS_2 STATE
ISC.SENS_3_STATE
ISC.5EN5_4 STATE
ISC.FREQOUT

Control Left LED only (Right remains untouched)
Control Right LED only (Left remains untouched)
Controls Both LEDs

Turn LED(s) OFF

Turn LED(s) ON

Toggle LED(s) State when the command is executed
Automatically Toggle LED(s) Fast

Automatically Toggle LED(s) State Slow

Inverted version of above

Automatically show Sensor state (ON when above threshold)
Automatically show Sensor state (ON when above threshold)
Automatically show Sensor state (ON when above threshold)
Automatically show Sensor state (ON when above threshold)
Automatically show Sensor state (ON when above threshold)
Toggle LED(s) State each ISC loop — used for diagnostics




READING RAW SENSOR VALUE

import ISC
from time import sleep ms as delay

SENSOR_RIGHT MARK = ©
ISC.init()
ISC.sensorSetup(SENSOR_RIGHT MARK, ISC.Enable)
ISC.enable()
while (True):

@ value = ISC.getVal(SENSOR_RIGHT MARK)

print(value)
delay(1@0)

@ 750us




READING SENSOR VALUE - WITH TX

import ISC
from time import sleep ms as delay

SENSOR_RIGHT_MARK = ©

ISC.init()

00 ~l O B W M =

ISC.sensorSetup(SENSOR_RIGHT_MARK, ISC.Enable FINEI&P{=ls))

=
QO DO

ISC.enable()

==
N =

=Y
L

while (True):
value = ISC.getVal(SENSOR RIGHT MARK)
15 print(value)

©

delay(100) Optionally, change pulse duration by inserting:

—

16
@ 750us ISC.setPulseDur(60) N



READING NORMALISED SENSOR VALUE

import ISC
from time import sleep _ms as delay

SENSOR_RIGHT_MARK = ©
ISC.init()
ISC.sensorSetup(SENSOR_RIGHT_MARK, ISC.Enable + ISC.TxEnb)

ISC.enable()

ISC.startCalibration()
delay(4060)
ISC.endCalibration()

——_

while (True): During Calibration: ISC stores Min and Max

value = ISC.getVal(SENSOR_RIGHT_MARK) values for each enabled sensor
print(value) After Calibration: ISC returns normalised values

delay(100) for each sensor

750us




READING SENSOR STATE

import ISC
from time import sleep ms as delay

SENSOR_RIGHT_MARK = ©
1SC.init()

ISC.sensorSetup(SENSOR_RIGHT MARK, ISC.Enable + ISC.TXEnb)
ISC.setSensThresh(SENSOR_RIGHT MARK, 400)

ISC.enable()
ISC.setRightLED(ISC.stateOf(SENSOR_RIGHT MARK))
while (True):

@ sensorState = ISC.getState(SENSOR_RIGHT_MARK)
print(sensorState)

@ 720usdelay(1@@)




SENSOR STATE (WITH HYSTERESIS)

Raw Sensor Value / Threhsold / Hysteresis boundary
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Using Hysteresis to stabilise Sensor State

Hysteresis State Diagram

Reset val > thrsh

STATE @
LOW

val < (thrsh - hys)

val < (thrsh - hys) val > (thrsh + hys)

val > (thrsh + hys)

val < thrsh

val: Ccurrent Sensor Value

thrsh: Threshold at which state changes

hys: Hysteresis value

Sensor State (with and without) Hysteresis

State Number Transition
Note that the state numbering is
such that the bitwise AND of state
number and 1 gives the state

— Raw Sensor Value == - Threshold Lower Hysteresis

Upper Hysteresis e Sensor State with Hysteresis Sensor State without Hysteresis



READING SENSOR STATE — WITH HYSTERESIS

@

import ISC
from time import sleep ms as delay

SENSOR_RIGHT_MARK = ©
ISC.init()
ISC.sensorSetup(SENSOR_RIGHT _MARK, ISC.Enable + ISC.TxEnb)

ISC.setSensThresh(SENSOR_RIGHT MARK, 400)
ISC.setHysteresis(100)

ISC.enable()

ISC.setRightLED(ISC.stateOf(SENSOR_RIGHT MARK))

while (True):
sensorState = ISC.getState(SENSOR_RIGHT_MARK)
print(sensorState)
delay(100)

720us




EDGE DETECTION

import ISC
from time import sleep ms as delay

SENSOR_RIGHT_MARK = ©

ISC.init()

ISC.sensorSetup(SENSOR_RIGHT _MARK, ISC.Enable + ISC.TxEnb + ISC.Rising)
ISC.setSensThresh(SENSOR_RIGHT MARK, 400)

ISC.setHysteresis(100)

ISC.enableInterrupt(SENSOR_RIGHT MARK)

ISC.enable()

while (True):

C} if(ISC.getInterrupt(SENSOR_RIGHT _MARK)):
print("Interrupt"”)
@ ISC.clearInterrupt(SENSOR_RIGHT_MARK)

delay(100)
@ 1290us




SENSOR INTERRUPTS

Raw Sensor Value / Threhsold / Hysteresis boundary
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Interrupt Pin State with Rising and Falling Interrupts Enabled

e Raw Sensor Value

Time

= Sensor State with Hysteresis interrupt Pin

Sensor and Interrupt Pin State




MARKER DETECTION

1 dimport ISC
2 from time import sleep ms as delay

4 SENSOR_RIGHT MARK = @
ISC.init()

% ISC.sensorSetup(SENSOR_RIGHT MARK, ISC.Enable + ISC.TxEnb + ISC.Rising)
0 15C.setSensThresh(SENSOR_RIGHT MARK, 400)

18  ISC.setHysteresis(160)

11 ISC.enableInterrupt(SENSOR_RIGHT_ MARK)

13 ISC.enable()

15 ISC.clearInterrupt(SENSOR_RIGHT MARK)
16 lineCount = ©

19 while (True):

2€ if(ISC.intPin.value()):

21 if(ISC.getInterrupt(SENSOR_RIGHT MARK)):
22 lineCount+=1

23 print(lineCount)

24 ISC.clearInterrupt(SENSOR_RIGHT MARK)
25 ISC.setBothLEDs(ISC.TOGGLE)

26 delay(108)




READING MULTIPLE SENSORS

import ISC

ISC.init()

ISC.init()

=

=

ISC.enableInterrupt(@)

=

=

ISC.enable()

=

=

sensVal = [@, @, @, @,

3

=

while (True):

print(sensVal)
delay(100)

I
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@ | 570us

ISC.sensorSetup(@, ISC.
ISC.sensorSetup(l, ISC.
ISC.sensorSetup(2, ISC.
ISC.sensorSetup(3, ISC.
ISC.sensorSetup(4, ISC.

Enable
Enable
Enable
Enable
Enable

e]

sensVal = ISC.getSensors()

+ 4+ + + +

from time import sleep_ms as delay

ISC.TXEnb + ISC.Rising)
ISC.TxEnb)
ISC.TXEnb)
ISC.TxEnb)
ISC.TXEnb)

Output:

[77,
[T&,
[7&,
[75,

28,
27,
26,
27,

&7,
66,
€3,
ed,

65,
68,
€3,
ed,

19]
20]
20]
19]




OPTIMISED FUNCTIONALITY

import ISC

from time import sleep_ms as delay

ISC.init()

ISC.init()

ISC.sensorSetup(@, ISC.
ISC.sensorSetup(l, ISC.
ISC.sensorSetup(2, ISC.
ISC.sensorSetup(3, ISC.
ISC.sensorSetup(4, ISC.
ISC.enableInterrupt(0)

ISC.enable()

sensVal = [@, o, ©, O,

while (True):

Enable
Enable
Enable
Enable
Enable

+ 4+ + + +

ISC.TxEnb + ISC.Rising)
ISC.TxEnb)
ISC.TXEnb)
ISC.TXEnb)
ISC.TxEnb)

sensVal = ISC.getSensorsLowRes()

print(sensVal)
delay(160)

@ 1020us




REGISTER SUMMARY

6.0 ISC REGISTER SUMMARY

Bi
OFFSET Name .
Pos
0 (0x00) FIRMVER 7:0 FIRMWARE_VERSION
1(0x01) CONTROL 7:0 ENABLED BOARD TYPE RESET ENABLE
INTERRUPT SENS4 SENS3 SENS2 SENS1 SENSO
2(0x02) CTRL 70 BRDINTEN INTEN INTEN INTEN INTEN INTEN
INTERRUPT SENS4 SENS3 SENS2 SENS1 SENSO
3(0x03) FLAGS 7:0 BRDINT INT INT INT INT INT
SENS4 SENS3 SENS2 SENS1 SENSO
4(0x04) SENSSTATE 70 STATE STATE STATE STATE STATE
5 (0x05) LEDCTRL 7:0 LLED RLED INDICATION_MODE
6 (0x06) PULSEDUR 7:0 PULSE_DURATION (us)
7 (0x07) SENSOSETUP 7:0 R_INTENB | F_INTENB | POLARITY TX_EN RESOL ENB
8 (0x08) SENS1SETUP 7:0 R_INTENE | F_INTENB | POLARITY TX_EN RESOL ENB
9 (0x09) SENS2SETUP 7:0 R_INTENB F_INTENB POLARITY TX_EN RESOL ENB
10 (0x0A) SENS3SETUP 7:0 R_INTENB | F_INTENB | POLARITY TX_EN RESOL ENB
11 (0x0B) | SENS4SETUP 7:0 R_INTENE | F_INTENB | POLARITY TX_EN RESOL ENB
12 (0x0C) Reserved 7:0
13 (0x0D) 15:8 MSByte of SENSOVAL
SENSOVAL
14 (OxOE) 7:0 LSByte of SENSOVAL
15 (OxOF) 15:8 MSByte of SENS1VAL
SENS1VAL
16 (0x10) 7:0 LSByte of SENS1VAL
17 (Ox11) 15:8 MSByte of SENS2VAL
SENS2VAL
18 (0x12) 7:0 LSByte of SENS2VAL
19 (0x13) 15:8 MSByte of SENS3VAL
SENS3VAL
20 (0x14) 7:0 LSByte of SENS3VAL
21 (0x15) 15:8 MSByte of SENSAVAL
SENS4VAL
22 (0x16) 7:0 LSByte of SENS4VAL
23 (0x17) 15:8
Reserved
24 (0x18) 7:0
25 (0x19) 15:8 MSByte of SENSOTHRSH
SENSOTHRSH
26 (0x1A) 7:0 LSByte of SENSOTHRSH
27 (Ox1B) 15:8 MSByte of SENS1THRSH
SENS1THRSH
28 (0x1C) 7:0 LSByte of SENS1THRSH
29 (0x1D) 15:8 MSByte of SENS2THRSH
————— SENS2THRSH -




APPLICATION: ARDUINO UKMARSBOT




APPLICATION — LINE SENSOR ON CUSTOM MOUSE
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APPLICATION - RPI PICO UKMARSBOT
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APPLICATION - RPI TINY2040 HALF-SIZE




SUMMARY

Simplifies Arduino Sensor Code

Start/Stop marker detection by using configurable interrupts and internal
hysteresis to prevent nuisance trips

Simplifies Arduino LED Indicator Code

Frees up Analog Inputs for other tasks

Facilitates the use of the 12C bus on the MARSBOT
Allowing Accelerometer / displays to be fitted

12C interface makes sensor boards compatible with MCUs with no Analog
Inputs.




NEXT STEPS

Increase sensors to 6

Could convert to SPI — but not
useful for UKMARSBOT

Global Parts Shortage...
Any interest!

Any comments!?




SUPPORTING DOCUMENTATION

ISC Datasheet
ISC Library Documentation
Python Library and Example Programs

Arduino Library and Example Sketches
Github link:



https://github.com/slinkyfish/ISC-Project

