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Administrivia

» This is the last lecture!! §)

* No class on Thursday
« I can schedule meetings with groups if needed

* Project Demos - Next week Tuesday
» Tuesday 12/7
« Mudd 3514
« 2:00-5:00 pm



Today’s Goals

* Discuss remaining parts of the Microbit and nRF52833
 Realize that we've covered almost everything on the system!!

* Explore sensing systems research



Outline

- What haven't we talked about?
* Microbit
e NRF52833

 Sensing Systems Research




Microbit

» Used almost all
of this!

* Remaining:
- Batteries

e Wireless

« KL27Z 12C

MicrcI) USB

Front

Touch sensitive logo

Microphone

- LED indicator
- Hole for microphone input

LED matrix 5x5

User buttons

Analogue/Digital 1/0
- Muxable to SPI, UART, 12C

- Notched pads for crocodile clips
- Holes for banana plugs

External supply
- Regulated 3.3V in or
battery out

Edge Connector

Power indictator USB activity indictator
Back

!r | m Battery connector
—— UsB s R i - JST connection for 3V
‘§ET
Nordic nRF52833 - A Reset/power
‘ ’ N button
| > hoE -

SPEAKER-
PROCESSORY @
ACCELEROMETER

—comeass T micro:bit v KL27Z
(\(> | il - USB interface chip

ST LSM303AGR

&



Internal Microbit connections

v

JST
Regulator
USB
Antenna ANT
SWD USB
SWD GFIO
nRF52833 KL27Z Reset
Xtal Xtal UART UART UART BTN
Logo GPIO  12CM1 12CMD 12C Internal 205 R
|2C external LEDs
E}ﬂ”éf Motion
hx5 LI_ED MEMS mic Speaker Sensaor
Matrix ELSM & Added in V2
FX035)
Present in micro:bit W1
(Cols only)
12C

Edge Connector




KL27 I2C Interface

 Device information
 Version of board and JTAG firmware
« Power state of boara
« USB, Battery, both
» Voltage values for battery and VIN
« USB connection state
» Disable the power LED!!

* Flash Storage
« 128 kB of the KL27’s Flash is readable/writable over 12C



Outline

- What haven't we talked about?
« Microbit
- nNRF52833
- Task/Event Chaining with PPI

» Sensing Systems Research




Software stops when the processor does, but peripherals continue

« Solution to low power: keep the processor off
 Problem: when the processor is off, no code is running

» Solutions
 Peripherals can wake it up again
 Can probably go for milliseconds to minutes without any actions
 Timer interrupt can wake processor to do things

« Have hardware handle some parts in the background without the
processor’s involvement

- DMA
+ PPI



Controlling peripherals while processor sleeps

« DMA (Direct Memory Access)
 Set up a pointer to memory and a length
 Peripheral can load/store memory without processor’s involvement
 Usually use completion interrupt to wake processor

* PPI (Programmable Peripheral Interconnect)
« Any Event can be tied to any Task within the nRF52
« Allows for complicated actions to be chained together
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NRF52 Tasks and Events

 Tasks are used to perform
some operation
« Often written to by software

 Events change value when
some change in status occurs
« Often used to trigger interrupts

- PPI peripheral can connect
any TASK to any EVENT

Example: Timer peripheral

Register
TASKS_START
TASKS_STOP
TASKS_COUNT
TASKS_CLEAR
TASKS_SHUTDOWM
TASKS_CAPTURE[D]
TASKS_CAPTURE[1]
TASKS_CAPTURE[2]
TASKS_CAPTURE[3]
TASKS_CAPTURE[4]
TASKS_CAPTURE[S]
EVENTS_COMPARE[0]
EVENTS_COMPARE[1]
EVENTS_COMPARE[2]
EVENTS_COMPARE[3]
EVENTS_COMPARE[4]

EVENTS_COMPARE[S]

Dffsat
0000
004
003

10 D0
=010

00
Om0add
ox0dE
0
ox0s0
o054
140
Oxldd
o148
Ox14C
o150
o154

..
Start Tirmer

Stop Tirmer

Increment Timer (Counter mode only)

Clear time
Shut dowmn timer

Capture Timer value to CC[0] register
Capture Timer value to CC[1] register
Capture Timer value to CC[2] register
Capture Timer value to CC[3] register
Captura Timer value to CC[4] register
Capture Timer value to CC[5] register
Compare event on CC[0] match
Compare event on CC[1] match
Compare event on CC[2] match
Compare event on CC[3] match
Compare event on CC[4] match

Compare event on CC[5] match
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nRF52 PPI peripheral CH[1] EEP

CHIO0].EEP CHI[n].EEP

Event 1

>
Peripheral 1 Event2 . \ Y

Event 1

: Event 2
Peripheral 2 Fveni3

YyYy

» Connects Events to e e e B

Tasks via hardware S N S S Y I e W

......................... n

16MHz

» Each channel gets one

Event pOinter and up to Task1 ! Peripheral 1

two Task pointers -

« Must point to Event/Task LskZ )l peripheral 2

Task3 >

registers >

CH[0].TEP FORK[0].TEP



Example PPI use case

« Automatic high-speed ADC sampling

 Software configures and sleeps

« ADC (buffer and enable)
« Timer (prescaler, compare value, short from compare to clear, and start)

* PPI: When Timer fires (EVENTS_COMPARE[O0]),
« Sample ADC (TASKS_SAMPLE)

« PPI: When ADC buffer full (EVENTS_END),
 Stop Timer (TASKS_STOP)
 Fork: wake processor (via software interrupt from EGU)
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Outline

- What haven't we talked about?
« Microbit
- nNRF52833
- Peripheral overview

» Sensing Systems Research




NRF52833 Peripherals

« Tour of the nRF52833
peripherals

« With some details on
the ones we haven't
talked about

* Wireless
* Crypto
« Audio

nRF52833
RAM, || BaM, || RaM, || RAM: || Ram, || RAM: || BaM;s || RaM, || RAM: GERO
TP =3 {= TPIU
SWIOLE ——— -
_ SW-DP
SWDIO ~-——
CTRL-AP AHB mUILIIEY'EI
o o
ey =
e =
& =
AHB-AP ETM
chu AHB TO APB fece | | wics
BRIDGE
ARM
CORTEX-M4 ey + + +
NVIC SysTick - ] - NVMC
£ > | RNG
NRESET ———— POWER ) ; [ 1 o
f > | RTC [0..2]
A . - . TIMER [0..4
[T
woT — . — > TEMP
HCL { master } EasyDMA
L2 - —— 5 /
) CLOCK — & ) cOM
WLl i Y
o N I U master ) EasyDMA
P 4 F
e AAR
ANT - RADIO <:> 7 T
maste EasyDMA
EasyDMA ( master B v ! J,':J Y

=

PO.O-PO.31
P1.O-P1.09
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NRF52833 Peripherals

» Cortex-M4F processor
 32-bit ARM core
* Floating point

* Includes Interrupt
control and SysTick
(an extra timer)

nRF52833
RAM;

BAM,

RAM;

2 || RAM:

GPRIO

TP =3 = TPIU
SWICLE ———— |
i SW-DP
SWDI0 - ——

i

slave

CTRL-AP

AHB multilayer

] o m T T
|-Car:he|
CPU AHB TO AFB FICR UICR CODE
BRIDGE
ARM
CORTEX-M4 A + + +
NVIC & > NVMC
& - > | RNG |
ARESET ——— POWER — ; L] 8 | RTC [0..2] |
A ; [ ] . =
& — > TIMER [0..4] |
& LY
WDT — ¢ — > | TEMP |
PPI — . ; = ECB
ACL -] { master } EasyDMA
2 X 7
@ awx (| [m—D com
1 f—
X2 <3 ~ {\ rmaster ,r> EasyDMA
i 5,
AAR
ANT ————— ] RADIO — . T
EasyDMA ( master B {\ [RaEy .-;J EasyDMA

=

PO.0-PO31
PLO-P1.09
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NRF52833 Peripherals =

RAM, || RaM, || RAM, || rRaM, || RAM, || RAM, || RaM; || RAM, || Ram. || GPIO (<> s‘:-g‘:ﬂ;

« Memory buses

TP<7 =

SINCLE ——— -
SWDID -af——-

AHB multilayer

AHB-AP ETM
CRU AHB TO APB FIcR | | icr cooE
BRIDGE
ARM
CORTEX-M4 - + + *
NVIC SysTick NVMC
RNG |
NRESET ————— ™ POWER RTC [0..2] |
# TIMER [0..4] |
woT TEMP |
PRI ECE
/! b
HCL e ——————— { master } EasyDMA
KC2 P A
CLOCK
e / cem
XL2 <7 = EasyDihA
ANT -——— ] RADIO AMR
EasyDMA master } {1 [RaEy } s L
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NRF52833 Peripherals

« JTAG and Debugging
* Allows code updates

* Allows GDB to step
through code

nRF52833

TP =3

SWCLK ——
SWDIO -f—

TRIU

SwW-DP

RAM, || RAM, || RAM, || RAM; || RAM, || RAM: || RAM; || RAM, || RAM: || GPIO
o 4] [+
I E [ [ l \E E E

CTRL-AP

AHB multilayer

NRESET —

Pl
KL -
HL1 =
W2 =T

ANT

" ¥] m m v v
£ 2 2 =
AHB-AP ETM I-Cache|
CODE
AHB TO APB eice | | uier
BRIDGE
ARM
CORTEX-M4 Py + + +
NVIC SysTick - . > NVMLC
< > RNG |
I POWER ) [ 1
7 £ > | RTC [0..2] |
; [ ] .
‘l < | TIMER [0..4] |
S p==——
WOT ¢ — > | TEMP |
PP | |S 7 ECB
— { master } EasyDMA
A . AN
CLOCK | |<& . - cem
N { master ) EasyDMA
P 4 F
5 AMR
I L —
FasyDMA ( p— B { master ) EasyDMA

=

PO.0-P0.31
PLO-P1.09
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NRF52833 Peripherals

» Volatile memory

« SRAM, 128 kB

nRF52833
GPIOD
TP <} TRIU y
SWCLK — S-op
SWDIO - '
CTRL-AP AHB multilayer
g g 2 s |3
= = im @ wn
E w "
AHB-AP | ETM I-{“ache|
e AHE TO APB FICR | | icR cobe
BRIDGE
ARM
CORTEX-M4 Py + + +
MVIC SysTick - | | > NVMC
< > RNG |
NRESET ———— POWER ‘" ]
7 . — > | RTC [0..2] |
i b
A . B | TIMER [0..4] |
& LY
wul — & N > TEMP |
XC1 - » { master ) EasyDMA
KC2 i —— ] . Ly .
CLOCK < E L4 ¥
W= —— 7 y ; = ccMm
W2 <H— { master ) EasyDMA
P 4 £,
L )
ANT - ———= RADIO La— . AAR
EasyDMA ( master 3 {\ master ;’ EasyDMA

=

PO.0-PO31
PLO-P1.09
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NRF52833 Peripherals

 Nonvolatile memory
 Flash, 512 kB

 Non-Volatile Memory
Controller

TP =T}

SWICLK ——
SWDI0 -

V

RAM, || Ram, || RAM, || RaM: || RAM, || RAM: | RaM; || RAM, || RAM: GPID
o o o o
TRIU & 2 E 2 E
sw-DP
CTRL-AP AHB multilayer

E 2
e =
£ =
ETM
CPU AHB TO APB
BRIDGE
ARM
CORTEX-M4 A
NVIC SysTick -
N .\
< >
ARESET ——— == POWER T [ I
o . - > | RTC [0..2]
A & > TIMER [0..4]
S| |[EE—=
WOT & — > | TEMP
ACL -] { master } EasyDMA
HL2 - —— P
X1 <} CLOCK —| | < . x:;. cCM
X2 <3 ~ {\ master ,r> EasyDMA
i 5,
AMR
ANT ————— ] RADIO — . T
EasyDMA ( master B { [RaEy } EasyDMA

=

PO.0-PO31
PLO-P1.09
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NRF52833 Peripherals

» Power and Clock
management

TP =T}

SWICLK ——
SWDI0 -

nRF52833
RAM, || RAM, || RAM, || ran: || Ram, || Ram; || Ramg || RAM, || RAM: | | GPID
= TFIU 3 g Y E y
SW-DP
|
CTRL-AP AHB multilayer
E = ] n o
E w "
AHB-AP ETM I-{‘ache|
CODE
CRU AHB TO APB ace | | uica
BRIDGE
ARM
- )
¢ ™ NVMC
Y | | .
& > RNG |
) | | i
{ > | RTC [0..2] |
; [ ] .
. B | TIMER [0..4] |
& LY
TEMP
S 2 | |
s -+ ECB
i b
{ master } EasyDMA
‘ A i
S ; = ccMm
{ master ) EasyDMA
V% 4 F
— AAR
i Y
EasyDMA ( master 3 (_master ) EasyDMA

=

PO.0-PO31
PLO-P1.09
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NRF52833 Peripherals =

RAM, || RAM, || RAM, || RAM. || RAM, |[ RAM. || RAM; || RAM, || RAM, . s‘}'-g—sg-gj
* GPIO pins
P34 TPIU 3 = % g
SWCLK —— ]
SW-DP
SWDID <]
CTRL-AP AHB multilayer
i =2 im m ] @
E w " -
AHB-AP | ETM I-Cache|
e AHE TO APB FICR | | icR cobe
BRIDGE
ARM
CORTEX-M4 Py + + +
MVIC SysTick - | | > NVMC
< > RNG |
NRESET ————— POWER ‘" ]
7 . — > | RTC [0..2] |
i b
A . B | TIMER [0..4] |
i LY
wal — & N > TEMP |
XC1 - » { master ) EasyDMA
K2 - —— N Fi
) CLOCK — & > cEM
¥ <F——— : 7 =
W2 <H— { master ) EasyDMA
P 4 £,
ANT - ———= RADIO | |¢ . > AAR
EasyDMA ( master B {\ master ;’ EasyDMA
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NRF52833 Peripherals

Various timers

Watchdog Timer

Real-Time Counter

Timer peripheral

nRF52833
RAM, || Ram, || Ran, || Ram || RaM, || Ram. || RAM, || RAM, || RAM, || GPIO
TP =<7} = TFIU E E igf E E
SWCLK ———
SW-DP
SWDIO -
CTRL-AP AHB multila?ﬂl‘
" ¥] m m v v
£ 2 2 z
AHB-AP ETM I-Cache|
CODE
CPU AHB TO APB FICR UICR
BRIDGE
ARM
CORTEX-M4 T + + +
NVIC SysTick - ] - NVMC
< > RNG |
ARESET ———— POWER — [ ]
) [ ] :
woT e— . » TEMP
PFI A S ; x') ECe
HCL { master } EasyDMA
K2 - 5
CLOCK | | & > cem
WL H——— : 7 o
o N I U { master ) EasyDMA
P 4 F
ANT -———— ] RADIO | |¢ 7 4 AAR
EasyDMA ( master B {\ master ;’ CaniA

=

PO.0-PO31
PLO-P1.09
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NRF52833 Peripherals

* Programmable
Peripheral
Interconnect

« Random Number
Generator

« Temperature sensor

nRF52833
Ran, || ram, || ran, || manag || Ramg || Ram. || Rang || Ram, || BAM: || cPIO
TP =7 = TPIL z : H - g
SWCLK —— -
SW-DP
SWDID -
CTRL-AP AHB multila'g,rEI'
E -] ] an o
E e w
AHB-AP ETM I-{‘ache|
CODE
CrU AHB TO APB FICR UICR
BRIDGE
ARM
CORTEX-M4 ey + + +
NVIC SysTick - . > NVMC
i
< o RNG
ARESET ——— == POWER T . [ I =
# ¢ RIC [0..
Y &
‘ . [ | .
{\ | | MER [0 4
A A— < — - _TEMP'
KC1 - g { master } EasyDMA
W2 - —— P . ! iy
CLOCK < E 4 >
Wl =<F—— e . > = ccMm
o N I U { master ) EasyDMA
i "‘. 5,
ANT - ——— RADIO | |¢ 7 i AAR
EasyDMA ( master B {\ master ;’ CaniA

=

PO.0-PO31
PLO-P1.09
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NRF52833 Peripherals

e Wireless radio

 Bluetooth Low Energy

« 802.15.4
(Zigbee or Thread)

* Cryptography
« ECB (AES mode)
« CCM (AES mode)

* AAR (Accelerated
Address Resolver)

* For BLE random
addresses

nRF52833
RAM, || RAM, || RAM, || RaM: || RAM. || RAM: || Rams || RAM, || RAM: | | GPIO <4
TP <7} = TPIL z : H - g
SWICLK —— -]
SW-DP
SWDI0D ~a——-
CTRL-AP AHB multilayer
i =2 im m ] @
E w " -
AHB-AP ETM I-Cache|
CODE
CRU AHB TO APB ace | | uica
BRIDGE
ARM
CORTEX-M4 Py + + +
MVIC SysTick - | | > NVMC
< > RNG |
NRESET ————— POWER ‘" ]
7 . > | RTC [0..2] |
A ; [ | L
. B | TIMER [0..4] |
woT — - — . TEMP
PPl — ECB
- » EasyDMA
HCE -
CLOCK < > -
R o e 7 e
X2 <7H - EasyDMA
ANT -f— RADIO AAR
EasyDMA EasyDMA,

=

PO.0-PO31
PLO-P1.09
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NRF52833 Peripherals :=

Wired

communication
protocols

USB Device

SPI

 Controller/Peripheral

TWI (I2C)
 Controller/Peripheral

UART

X2 -

ANT -

CLOCK

RADID

USBD

| |« . x:} cem
{ master ) EasyDMA
<:> & : f\> AAR
! kY
p— S { master ,r} EasyDMA
K

SPIM [0..3]

EasyDMA

I 4,
{ master }
i !

-

TWIS [0..1]

EasyDMA

":l master }
N, K

Y

TWIM [0.1]

Ed
i LY
{ master }
* !

EasyDMA

AY
EasyDMA master )
AY Fi
NFC2 - (’:) 2
NFCT &
NFC1 -——= ;= < -
EasyDMA g rmaster )
P00 = PO.31
PLO- 108 — GPIOTE |
comp | <_> -
LPCOMP R —
i y
EasyDMA { o master )
LED =7} x !
p———— QDEC —
B ——=
OuUTD - 0UT3 < P [0..3] @ \
EasyDMA {  master )
MCK <7 A !
LRCK <}F1—— I
SCL =4——1 125 <:>
SDOUT <}
SDIN ———— r \
EasyDMA, Q friaster )
CLE 45:] i
o ——— FOM <f—> < :
EasyDMA {  master )
) !

LARTE [0..1]

EasyDMA

SPIS [0..2]

EasyDMA
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nRF52833 Peripherals =
» Inter-IC Sound (I2S) wous =

 Wired communication o
bus explicitly for audio 2

data .
* Unrelated to 12C pLo-p1.09"H]
AIND — AINT ——

* Like a synchronous

UART 5o <+
 Clock, data in, data out S

OuUTD - 0UT3 <

 Additional signals

» MCK - synchronization
« LRCK — left/right oN —

channel select

% i
Qaock —| |& . ,x:> ceM
{ master ) EasyDMA
P ! N
oo &> ——
EasyDMA ( master B {\ master f} masytAA
5 K
Fi AY
EasyDMA (  master )
AY Fi
$ (=] ["'_‘;:.-
- =)

N ;= < T > SPIM [0..3] =
EasyDMA master ) S/ N —
GPIOTE | ‘:1\ master ;} EasyDMa

- £ M,
come | <> > TWIS [0..1] L
LPCOMP £ .

|<:> { master ) EasyDMA
\ 7
SAADC <:> :> TWIM [0..1] =
/ \ / \ — =
EasyDMA { master ) { master ) EasyDMA
5 f & 7
we |
PWM [0..3] @ .
K master }
! f'l_."_.'_-,-_...
M, I
> UARTE [0..1
125 7 [0..1] [
\ { master } EasyDMA
EasyDMA, friaster )
POM 'ans] K > SPIS [0..2] =
/ \
! LY —
EasyDMA { master f} e ) =T
N !

SCK
MO5|
MIS0

SCL
5DA

SCL
5DA

RTS
CTs
TXD
RXD

C5M
M50
MO

aLK
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NRF52833 Peripherals :=

* NFC

* Near-Field
Communication

* Close-range wireless
communication
protocol

« “Tap-to-pay”
systems

X2 -

ANT -

VBLS ~—
O+ il —
- -

AIND — AINT ——

= &CK
== mosl

OuUTD - 0UT3 <

MCE <]
LRCK =T}
SCL <7

SDOUT <]
SDIN —

CLE =]

DN —

——  MIS0

SCL
DA

SCL
DA

vV vV

RTS
CTs
TXD

vV

RXD

C5M
M50

CLOCK C';:) & ; - ccMm
{ master ) EasyDMA
P 1! L,
wo [ —— [ ™
EasyDMA ( master B (master f} masytAA
! F
I L)
ter ¥
NFCT .
| < > SPIM [0..3]
EasyDMA ter S/ N
—— {11 master : EasyDMA
- Y
come | <> > TWIS [0..1]
n i LY
LPCOMP | — { master ) EasyDMA
N F
N
SRADC — - TWIM [0..1]
/ \ / \
EasyDMA { master ) { master ) EasyDMA
5 ! N !
we |
PWM [0..3] @ .
EasyDMA {  master )
N !
™,
> UARTE [0..1
125 — 7 -4
i LY
/ \ { master } EasyDMA
EasyDMA, & friaster )
POM | | ¢ ™ SPIS [0..2]
Fi L) ; \
EasyDMA { master f} e ) =T
% 7

:

vl

MO
aLK
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NRF52833 Peripherals :=

» GPIOTE
* GPIO interrupts

HC2 -
L1 =}

pod

ANT -

VBLS ~—
O+ il —
- -

MFC2 -
MFC] -

PO.0 - PO.31
P1O-PLOS

AIND — AINT ——

= &CK
== mosl

OuUTD - 0UT3 <

MCE <]
LRCK =T}
SCL <7

SDOUT <]
SDIN ——

CLK <]

DN —

—— MIZ0

SCL
DA

SCL
DA

vV vV

RTS

CTs
TXD

vV

RXD

C5M
MIS0

% i
CLOCK —| | < . \\: cem
{ master ) EasyDMA
P ! N
RADIO <:> < - x AAR
EasyDMA ( master B (master f} masytAA
5 K
USED —
Fi AY
EasyDMA (  master )
AY Fi
ﬁ (=]
=)
NFCT , = < - ) SPIM [0..3]
ter ) S/ N
-‘ l:: master EasyDMA
5 !
i Y
- TWIS [0..1]
£ Ay
{ master ) EasyDMA
N s"\
. 7 TWIM [0..1]
Y ! 5
EasyDMA { master ) { master ) EasyDMA
5 f & 7
we |
PWM [0..3] @ .
EasyDMA {  master )
kY !
. ) UARTE [0..1]
e , :
Fa "
/ \ { master } EasyDMA
EasyDMA, & friaster )
POM | & ™y SPIS [0..2]
Fi b
EasyDMA {  master ) / A
- { master } EasyDMA
1 !

MADE|
SCK

vl
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NRF52833 Peripherals

Analog inputs

Comparator

Low-Power
Comparator

Successive
Approximation
Analog-to-Digital
Converter

e T E—— p L 1A A
CLOCK — £ “
IR o —_ 7 . ; " ceM
M2 <H— 1~ { master ) EasyDMA
% FiN
ANT -————— RADIO " . - AAR
EasyDMA ( master B (master ;" LasyUWiA
VBUS - v f
O+ - USED —
- - / kY
EasyDMA (  master )
AY Fi
NFC2 NFCT ) & “‘} =
NEC] o] v 2] S— » SPIM [0..3] [
EasyDMA master ) Fi Y e e
P00 = PO.31
. 01 et GPIOTE ‘:& master f} EasyDMA
COMP . :> TWIS [0..1] : L
: S Ay 11
LPCOMP ":l —— } EasyDMA
N 7
AIND — AINT ——] SAADC . :> TWIM [0..1] . !
/ \ e
EasyDMA master ) { master ) EasyDMA
! & i
A — QDEC <:>
B ———I>
OuUTD - 0UT3 < P [0..3] @ \
EasyDMA {  master )
MCK <7} A ! =
LRCK =<}4—— g ™ WARTE [0..1] =
SCL =—— 125 — 7 =
SDOUT <} / \ T
SDIN ————— r \ { master } EasyDMA
EasyDMA, & friaster ) 4
CLE =] 2 5, : . =
o — |~ POM <£_> — > SPIS [0.-2] - -
EasyDMA {  master ) / A .
: - { master } EasyDMA
1 !

L

SCK
MO5|
MIS0

SCL
DA

SCL
DA

RTS
CTs
TXD
RXD

C5M
M50
MO

aLK
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NRF52833 Peripherals

« Quadrature Decoder
peripheral

* Detects rotation
speeds and
direction

« Usually for motors

L

N2 P . - L1 Lo -
w1 <} CLOCK — & ; = ccMm
Ty I M Y { master ) EasyDMA
i1 £
— AAR
ANT - RADIO — 7 )
EasyDMA ( master B { master f} masytAA
VBUS -l——— ' /
e I I useD <:>
D- -——- / A
EasyDMA (  master )
A i
NFC2 - ——— 2 =
- NFCT S & > -
MFCL = ) <| S 7 SPIM [0..3] =
EasyDMA master ) S/ N —
PO.0- PO.31 é : { master EasyDMA
PLO-PL.0s 3 = GRIOTE | \ 7
- Fa ™,
COMP | <—> ,> TWIS [0..1] =
- i LY =
LPCOMP | @ { master ) EasyDMA
Y 7
AIND — AINT —— SAADC > ) =
< 7 TWIM [0..1]
b I LY 1=
) { master } EacyDMA
7 N !
LY
EasyDMA {  master )
MCK <} ) 7 =
LPS.EE 1 e <:> - :> WARTE [0..1] ~
SDOUT =} i kLY —
SDIN ———— ; \ { master } EasyDMA
EasyDMA, & fraster ) I
CLE =] 2 5, : . =
oo S|« S SPIS [0..2]
DIN —————{ y Y ) . —
EasyDMA t
asy {\ master ) { master ) EasyDMA
M 7

SCK
MO5|
MIS0

SCL
DA

SCL
DA

RTS
CTs
TXD
RXD

C5M
M50
MO

aLK
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Quadrature Encoding

light receiver
source

Zones

encoder
disk

transparent
marks

Optical encoder working principle

Quadrature

- 0B
9B

“Transition”
!
(e — Hi" State

P R S [ R I
B S [

Channel A leading B

e =
B

Channel B leading A
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NRF52833 Peripherals :=

* Pulse Width
Modulation

* Pulse Density

Modulation

» Similar idea to PWM
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NRF52833 is complete

 That's just about everything!

* First 550 out of 600 pages of nRF52833 datasheet

« Remaining 50 are hardware details
 Pinout for different packages
« Recommended circuit layout
 Soldering details
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This knowledge is transferrable!

« Example: SAM4L datasheet

« Atmel Cortex M4F
» Various peripherals

« USART, SPI, TWI, 125, DAC, ADC, Timer, ...
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Outline

 What haven’t we talked about?
« Microbit
« NRF52833

- Sensing Systems Research




Conferences for sensing systems research

» SenSys
« Conference on Embedded Networked Sensor Systems

« IPSN
« Conference on Information Processing in Sensor Networks

* MobiCom
« Conference on Mobile Computing and Networking

« UbiComp
« Conference on Pervasive and Ubiquitous Computing

« Various other systems or HCI venues
 Occasionally Electrical or Civil Engineering venues too
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https://sensys.acm.org/
https://ipsn.acm.org/
https://www.sigmobile.org/mobicom/
https://ubicomp.org/

Sensing systems research

« Combination of engineering and exploration

« Generally divides into two different focuses
« Often projects will mix some of each domain

* Platforms
« How to improve the capabilities of sensing systems
« Examples: lower power, better wireless, new sensors

» Applications
« How to use sensing systems to meet some desired goal
« Examples: track human interactions, measure household energy use
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Sensing systems research

 Platforms
« How to improve the capabilities of sensing systems
« Examples: lower power, better wireless, new sensors

» Applications
« How to use sensing systems to meet some desired goal
« Examples: track human interactions, measure household energy use
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Permamote (Jackson, Adkins, Dutta)

» Goal: create a 10-year wireless sensor

» Solutions
 Modern sensors and microcontroller

« Energy harvesting combined

with rechargeable battery Secondary
> nergy Store
(LTO Battery)
U
« Non-rechargeable battery as T—— Energy — o
source Harvestin Power St stem
backup power oot (| Famtend [ ToR || iy || Lo
H i
Backing
Energy Store
(Primary Cell)

https://lab11.eecs.berkeley.edu/content/pubs/jackson19capacity.pdf
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https://lab11.eecs.berkeley.edu/content/pubs/jackson19capacity.pdf

Bfree (Kortbeek, Bakar, Cruz, Yildririm, Pawelczak, Hester)

New

. . . Traditional Hobbyist _ Bfree Hobbyist . Applications
« Goal: hobbyist intermittent systems [rogan || o ||
I oar I ' L ' In-bady
: B : : T : sensing

' Deploy ! l Deploy !
: board : : board :
» Solutions f—— T e
' Execute ' s Python ! Execute ﬁ
''|  program " |Arduino ?| program
| |

 Automatic checkpointing in python T T . | seners

runtime i F‘”"éihi‘é?ﬂig‘g‘@ i PN 4
 Hardware module for easy prototyping P Y e Ty
« User studies to demonstrate improvements (55 = EEEEL )

o e ;
Real-Time Clock ?’;3 e /
B

https://dl.acm.org/doi/abs/10.1145/3432191 41



https://dl.acm.org/doi/abs/10.1145/3432191

Tock (Levy, Campbell, Ghena, Giffin, Pannuto, Dutta, Levis)

« Goal: safe and reliable embedded OS
« Demonstrate this is possible on small embedded platforms

» Solutions
» Dedicated OS kernel with separate applications

 Protect applications with hardware features
« Memory Protection Unit

 Protect kernel with language features
» Rust programming language

https://labl1.eecs.berkeley.edu/content/pubs/levy1l7multiprogramming.pdf
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https://lab11.eecs.berkeley.edu/content/pubs/levy17multiprogramming.pdf

Tock software organization

App written
in Rust

C App [Service] BLE
@ Ported to {:C.)t} Environmental
Tock Sensing Profile

@while(l)
J

Sysca" Interface EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEENEEEEEEESR

<) G @) G2
T ) €1) €2) €&)
Kernel

(Rust) Standardized Hardware Interface Layer (HIL)

Core Kernel _ - _ _
Microcontroller-specific Peripheral Drivers
Scheduler, Process

management, etc. SPI RNG Timer ADC GPIO
12C UART AES DAC USB

Hardware

__spr N RNG N Timer § ADC N GPIO
__UART _

AES DAC

I12C

Untrusted
(isolated by the
MPU and
preemptively
scheduled)

Untrusted

(unsafe

forbidden)

Trusted
(unsafe
allowed for MMIO,
PIC, etc.)
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Sensing systems research

» Platforms
« How to improve the capabilities of sensing systems
« Examples: lower power, better wireless, new sensors

- Applications
« How to use sensing systems to meet some desired goal
« Examples: track human interactions, measure household energy use
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Opo (Huang, Kuo, Pannuto, Dutta)

« Goal: sense distance of human
Interactions

 Real-time, high accuracy, deployable

* Solutions

« Ultrasonic allows for low-power detection om
of nearby devices

» Also provides directionality fm
L] L L] L] Om . .
» Measure difference in arrival time of RF 0 min 80 min

and Ultrasonic to determine distance

https://labl1.eecs.berkeley.edu/content/pubs/huangl4opo.pdf

45


https://lab11.eecs.berkeley.edu/content/pubs/huang14opo.pdf

Powerwatch (Klugman, Adkins, et al.)

» Goal: measure electric grid reliability in developing regions
 “Access alone is insufficient. Reliability matters too.”

 Solutions:

« Wall-powered sensor with battery-backup to detect outages and report
over cellular

 Infrastructure to collect measurements and
cross-correlate

 Create a team to manage the deployment

https://labl1.eecs.berkeley.edu/content/pubs/klugmani9scale.pdf 46



https://lab11.eecs.berkeley.edu/content/pubs/klugman19scale.pdf

Outline
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