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Mobile Embedded Devices

»  Over 98% of all manufactured microcontrollers are embedded

» Moving embedded devices are harder to debug /\Tm
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»  Connectivity is limited
»  Energy budget typically fixed

[1] https://commons.wikimedia.org/wiki/File:Volkswagen_ID.3_at_IAA_2019_IMG_0212.jpg
[2] https://pixabay.com/de/photos/iphone-smartphone-apps-apple-inc-410324/
[3] https://www.pngmart.com/files/13/Smartwatch-PNG-Free-Download.png
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The Importance Of Debugging

» ~50% of development time spent debugging

» Debugging is involved in the
entire development lifecycle
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Debugging Scenarios

Development Lifecycle
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» Communication is main
activity in debugging
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Debugging Scenarios

1.

Software Development

»  Ensure no faults

»  Fast cycle times
Optimization

»  Minimal impact on program behavior
Monitoring

»  Constant output (possibly aggregated batches)
Operational Status

»  Low throughput — Low latency
Defects in Production

»  High distance between device & developer
» Ease of use
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Development Lifecycle



Debugging Techniques Comparison
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Wireless
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Case Study - Self-Driving Slot Car

» Programmable slot car based on ESP32 mlcrocontroller
»  Available connectivity: UART/USB, WiFi & BLE |
»  Hard real-time constraints to avoid derailing

» Energy constraint: Lane change segments

»  Power outage for ~20 ms
»  1000pF Capacitor

Observing a Moving Target | Bjorn Daase, Leon Matthes, Lukas Pirl, Lukas Wenzel 6



The Circuit Over Time...
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The PCB Over Time...

R2 POWLED M1o oMZSLED

()
meeadn B [Ol
E%mo :|R1l1_é<6
ERe ki Z/ g

o

XL+ gxL—

L

D3

00O0O

o

o
@
<
<
=]
=
2
@
)
@
4
=
&
=
=
S
1
=

E o
%) |
: ++ = oEjR3°CCD3|_13
t°o:l: IORXSDA+» ¢S ©
N
VINVINZ & c4 dnglﬁ’ED
00 2 Cosv

—

(-}

) 58‘;—_[ IOORXSDA >
VINGNDZ|B O O O S

© Rev2, June 2021
Self-Driving Slot Car

Revision 1 - -« Revision 2 - | 4 Revision 3 - )

Observing a Moving Target | Bjorn Daase, Leon Matthes, Lukas Pirl, Lukas Wenzel 8



The PCB Over Time...

» Revision 1:

»

Initial Design

» Revision 2:

»

»

»

H-bridge -> Half Bridge
Improved Power Delivery (12 instead of 10 Volt)
Minimal downsizing, slight repositioning of components (esp. IRLED)

» Revision 3:

»

»

»

»

Full Redesign (Electrical as well as spacial)

Should fit into 4/7 cars in HPI Lab

Light Control

Further Improved Power Delivery -> Smaller Lane Change Capacitor
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Debugging Technique Application
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1) Save & Print Later
» Easytosetup
» Low performance impact
2) Stop & Radio
»  Stopping anywhere on the track
3)

Write to Carrera track

»

Continuous output

Extremely low data rate 1)
WiFi On-the-fly

»

»

4)
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Continuous output
»

High power consumption — Limited performance
»

Unpredictable
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Energy Consumption

No WiFi Not Sending Sending
80 MHz : »  Wireless is more energy intense
I TN LI » Unpredictable usage spikes
e capacior e capactr e capaor »  Problem worsens with
160 MHz @ increasing computational power
> E > »  Up to complete brownout
240 MHz X X
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»  Wireless debugging ; I
+ offers more applicability & convenience
- Increased efforts for energy budgeting under constrained circumstances
» Available hard- & software » Automatically select power
modules require more adaptive states based on a configurable
instrumentation energy budget in the future
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Track Detection
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https://docs.google.com/file/d/1DGuNFwZnTxEZu8Bg8ogqT2Vef6LHN1AM/preview
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Inaddiion tothe analyss and case st oo previous

141 in that our b seting is uitd for imitatng resl-

. world chllenges regarding the development and operation of
mbedded devices

L. BACKGROUND AND RELATED WORK

o st L e pt d he st ot o

a dded devces in Sestion 1A
We report n 4 cas study in which we developed a mobile Seciion 115 describes the various scenarios hat are derived
enbetie dmmu 1 o do vl mic g,
ange. C

" by mobile embedded devices are outlined in Section I1-C.

A Debugging Mobile Embedded Devices
Debugging ermbedded sysiems s known (0 be
sk [5), often alo adding up constaits from, ..
real-time and distributed systems [61. In the past, researchers
e analyzed the deh 1 embedded systems in various
contexts. .., or wireless embedded networks [7) multimedia

o dcbugging must be considered in the energy budgeting.

1. InTrapucTion
il ot 4% of l mascred itoconolers big  ppcatons 18, o o dip 51, A e domsins Hihy

embedded dife, he what debugaing includes i difer
Todes 1 or i of 1 round ent [10] as well. This suggests grouping debugging scenarios
software development e ode work into diffeent categories with specifc requiremens.

and resoli Duta tramsmisson is the eyt debugging, s only through

the sake of readabily.this

efers (0 he aforementioned _communication device sttes can be determined and diag-

https://gitlab.com/hpi-potsdam/osm/self-driving-carrera/

bjoern.daase@student.hpi.de, leon.matthes@student.hpi.de
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