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THIS WEEK

F|Jº |J°°X«XT  « º|X °J´ºŹJ«T Ç|Jº NJ« ÇX ӃXJ³« Z³­ª  ºų
ÅRetrospective on prior year designs
ÅEnclosure design
ÅDesign for success

FX J³X z­ «z º­ MX T ´NÄ´´ «z º| «z´ º|Jº T T«Żº Ç­³¦ ÇXӃӃ ӃJ´º
ÉXJ³Ÿ A| ´  ´«Żº ªXJ«º º­  «´ÄӃº º­ ӃJ´º ÉXJ³Ż´ ºXJª´Ź

ŹMÄº ÇX ÇJ«º º­ MÄ ӃT ­« º|X ³ Ç­³¦

6XÈº ÉXJ³ ÇXŹӁӁ MX T­ «z º|X ´JªX Z­³ É­Ä³ ºXJª´ŷ



6.900 2025 Projects
ÅTwo projects, five teams
ÅMITOS
ÅStationary weather station to be deployed in various parts of campus
ÅMonitor local heat environment
ÅPrimary requirements
ÅAccurate air temperature measurement
ÅMore robust comms
ÅInteract with users

ÅCity of Cambridge Bike Lane Monitor
ÅCount bike usage in separated bike lanes
ÅPrimary requirements
ÅAccurate bike detection
ÅWorks anywhere in Cambridge
ÅPrivacy-preserving



6.900 2025 Projects
ÅSome class-wide differences last year
ÅWe used Arduino
ÅNo more this year

ÅWe allowed teams wider latitude in industrial design, 3DP, 
front end
ÅLogistically insane with little-to-no benefit
ÅThis year we tightened down



MITOS project Ɖteam 1

Collects temperature , 
humidity and lux data 
every five minutes and 
posts it to the website 
every hour

Displays current 
temperature and 
website QR codeon an 
e-paper display for 
community engagement



MITOS project Ɖteam 2

Did not implement anemometer or IMU

Use LoRa to send messages via 
MQTT across mesh network



MITOS project Ɖcomms strategy Ɖteam 2

ÅHeltec V3 LoRA Module 
connected to each sensor 
«­TX N­«Z zÄ³XT J´ źNӃ X«ºŻ
ÅGateway-configured LoRA

module connected to the wall
ÅSends all data seen in the 

communication channel 
between all nodes onto the 
server

Å ӃӃ «­TX´ J³X ź´ÄM´N³ MXTŻ º­
the same channel



MITOS project Ɖindustrial design - team 1



MITOS project Ɖindustrial design Ɖteam 2

Use gasket for weather-proofing
Waterproof cable penetration with epoxy



Industrial design notes
ÅRadiation shield
ÅBoth used 3DP design
ÅAssembly of the bits and pieces can be time-consuming

ÅTeams return again and again to hose clamps
ÅMetal zip ties are also a good option (but one-time use)
ÅNeed to ensure your enclosure attachment points are strong

ÅE-ink displays
ÅHad last-minute issues with sourcing and size changes



MITOS Ɖsensors & electronics Ɖteam 1

ÅOne main board w/ ESP32, 
power, etc.
ÅTwo simple daughter boards 

with RH/T, lux
ÅTo bring sensors to edge of 

enclosure

ÅRH/T board conformal coat 
for weather -proofing
ÅMore on that later



MITOS Ɖsensors & electronics Ɖteam 2
ÅSimilar physical partition
ÅUse load switch to turn off LoRa module Ą conserve power

Very useful to 
have 3D models 
in KiCAD and 
Fusion360



MITOS Ɖsensors & electronics Ɖteam 2
ÅRH/T and Lux boards

Boards with 
components on both 
side Ą harder to 
assemble



MITOS Ɖsensors & electronics
ÅAll used 
ÅSHT4x sensors
ÅTeam 1 had additional internal SHT sensor so used variant with different I2C 

address
ÅVEML7700 light sensors
ÅThese have a weird footprint and are big and kinda pricey

ÅBattery monitor ICs
ÅUnclear if this is a big win over just measuring voltage

ÅIndustrial design necessitated parts on both sides of board
ÅThis is always a PITA

ÅDid not use proper connectors
ÅNon-polarized, non-locking
ÅH­ÄŹӁӁ T­ MXººX³ º| ´ ÉXJ³ŷ



MITOS Ɖpower budget Ɖteam 1
ÅDisplay updates are pricey 

(in power)

ÅDeep sleep current was 
~0.5 mA
ÅNot sure why this is so high
ÅShould be able to get this 

much lower

ÅPower hogs: Display > 
Deep sleep > Comms > 
everything else
ÅIf you are using a display, 

start on it soon in order to 
maximize efficiency



MITOS ƉFW Ɖteam 1 ÅUsing cycles vs. time can lead to 
issues estimating time later on

ÅArchitecture does not allow 
reading different sensors with 
different cadences



MITOS ƉFW Ɖteam 2



MITOS ƉFW notes
ÅSome keys to success
ÅFor WiFi, scan for the strongest AP
ÅIt will change over time, even if your system is not moving
ÅMultiple APs may broadcast the same SSID, so you need to choose 

the strongest MAC, not just strongest SSID
ÅYou WILL have comms failures (WiFi, cellular, LoRa, etc.)
ÅHave a way of buffering up the data

ÅConsider logging data and messages to SD Card
ÅEasy to re-direct ESP_LOG messages to SD
Å&­X´«Żº N­«´ÄªX J Ӄ­º ­Z °­ÇX³
ÅLogs make debugging easier
ÅIncreases cost and complexity of system
ÅRequires more GPIOs b/c SD cards use SPI



MITOS ƉFault reporting Ɖteam 1

hƴŜ ǘƘƛƴƎ ǘƘŀǘΩǎ ƳƛǎǎƛƴƎ ŦǊƻƳ ŘƛǎǇƭŀȅΥ ǎƻƳŜ ǎŜƴǎŜ ƻŦ ǘƛƳŜ



MITOS ƉFault reporting Ɖteam 2
ÅOn-board status LEDs
ÅThese may only be visible internally
ÅGreen LED - The system is on.
ÅOrange LED -A|X ´É´ºXªŻ´ MJººX³É  ´ N|J³z «zŸ A| ´ 2(& Ç ӃӃ MӃ «¦

rapidly when there is no battery plugged in.
ÅRed LED - Battery charger fault, which includes:

Not exactly sure if they did this or if they 
ended using only display for status 
reporting



MITOS Ɖdashboard Ɖteam 1

Å I like
Å Displays last update time/date Ą know which devices are active
Å Has error logging table (not shown)

Å. T­«Żº Ӄ ¦X
Å6­ ÇJÉ º­ żª­ÆXŽ J TXÆ NX
Å ID is not linked to MAC address
Å Too many significant digits reported
Å(ÆX³É ° XNX ­Z TJºJ  ´ ­«  º´ ­Ç« °Ӄ­ºŹNÄªMX³´­ªX º­
Æ ´ÄJӃ ÊXŹ«­º °­´´ MӃX º­ N­ª°J³X °Ӄ­º´ JN³­´´ TXÆ NX´Ź­³ º­ °Ӄ­º
ªÄӃº °ӃX ²ÄJ«º º X´ ­« ´JªX °Ӄ­ºŹ­³ °Ӄ­º ´°XN Z N TJºX ³J«zX´ŵ XºNŸ



MITOS Ɖdashboard Ɖteam 2
ÅI like
ÅCan set specific date ranges

Å. T­«Żº Ӄ ¦X
Å? «zӃX °Ӄ­ºŹ´JªX  ´´ÄX´ J´ ºXJª ǎ



MITOS - cost
ÅTeam 1
ÅBOM: $96
ÅAssembly: $60 (3h@$20/h)
ÅCOGS: $156
ÅCost drivers
ÅE-ink display: $16
ÅBattery: $9
ÅSolar panel: $8
ÅEnclosure material: $10

ÅTeam 2
ÅBOM: $102
ÅAssembly: not sure
ÅCOGS: not sure
ÅCost drivers
ÅE-ink display: $17
ÅBattery: $10
ÅSolar panel: $12
ÅLoRa radio: $18
ÅEnclosure material: not sure



MITOS Ɖaccuracy Ɖteam 1
ÅDid comparison to weather station 

at sailing pavilion
ÅObtained similar results for humidity

ÅObtaining accuracy is hard 
because
ÅYou need to compare with a more 

accurate system
ÅThe two options nearby are sailing 

pavilion and Green building
ÅNeither easily provide raw data for 

comparison
ÅNeed to perform comparison on 

warm sunny day cause sun is going to 
major cause of inaccuracy

6.900 system

Weather station at sailing pavilion

Temperature



Bike Lane Ɖoverall concept - Team 3
ÅSense bikes using 

mmWave radar
ÅTransmit periodically over 

cellular
ÅUse solar panel + battery 

+ sleep for power 
management



Bike Lane Ɖoverall concept - Team 4
ÅUse PIR to detect objects (aka 

tripwire)
ÅLow power

ÅUse ultrasonic sensor to 
confirm detection
ÅEnsure it is in bike lane
ÅDecrease false-positive rate

ÅTransmit periodically over 
cellular
ÅEvery 3 minutes

ÅUse solar panel + battery + 
sleep for power management
ÅAsleep 1am to 6 am



Bike Lane Ɖoverall concept - Team 5
ÅUse XM125 mmWave radar to 

detect objects 
ÅTransmit periodically over 

cellular
ÅUse primary cell + sleep for 

power management



Bike Lane Ɖsystem diagram - Team 5



Bike Lane ƉID - Team 3
ÅMounted high
ÅAims down and over

Easily accessible battery compartment

Lid attachment w/o sealing is a bit scary



Bike Lane ƉID - Team 3
ÅAlignment blocks for 

easy alignment



Bike Lane ƉID - Team 4
ÅUse hose clamps at 

back
ÅMounted lower than 

other teams



Bike Lane ƉID - Team 5
ÅParametric design 

allows easy 
dimensional change
ÅCurved back for pole 

mounting
ÅSide access panel for 

USBC, debug LED
ÅBack panel access to 

batteries
ÅNot so easy to access 

& change



Bike Lane ƉID - Team 5
ÅWaterproofing via 
ÅGaskets at openings
ÅFlexSealcoating
ÅWashers on screws



Bike Lane Ɖsensors - Team 3
ÅEvaluated several strategies
ÅCameras, PIR, U/S
ÅPivoted to mmWave radar near the end
ÅXM125
ÅOne advantage: does not need window or 

other external access
ÅUses its own STM32 MCU, so two pieces of 

FW to deal with
ÅPivoting late caused headaches
ÅDe-risk high-risk aspects of your 

approach early on
ÅThis includes getting substantial data. 

Early on. Outdoors. In real setting.



Bike Lane Ɖsensors - Team 4
ÅTwo PIRs + one U/S
ÅPretty low power b/c U/S used intermittently
ÅAdds three penetrations in enclosure

ÅPIR as trip-wire, then confirm w/ U/S and second PIR
ÅCan establish direction

ÅFinding a weatherproof U/S sensor took a bit of work
ÅA|­Äz| º|XÉ T T«Żº zXº º| ´ J°°³­JN| º­ Ç­³¦Ź. º| «¦  º

could work
ÅSensing was a high-risk aspect of this project that they 
T T«Żºderisk early enough!



Bike Lane Ɖsensors 
ÅAt least one team evaluated cameras and TOF sensors
ÅA8* ´X«´­³´ T­«Żº Ç­³¦ ÇXӃӃ ­ÄºT­­³ J«T Ç º| «XNX´´J³É T ´ºJ«NX
ÅE.g., VL53L5CX range limited to 2.2m in sunlight
Å*³JªX ³JºX «XXTXT Z­³ M ¦X TXºXNº ­« T³JÇ´ Ƿ ǐǍǍ ª 

ÅCameras have power, compute, and privacy challenges



Bike Lane Ɖpower - Team 3
ÅSolar panels + batteries
ÅAllowed either battery or 

solar+battery operation

Easily accessible battery compartment

ÅWe chose the ESP32-S3 to utilize more advanced power 

saving features

ÅUltra-Low Power Coprocessor handles sensor reading 

to minimize power consumption: 100 uA vs. 30 mA



Bike Lane Ɖpower - Team 3
ÅMain power drivers
ÅComms: 7 mW average (1x/hr)
ÅCompute: 2 mW average
ÅSense: 33 mW average (on continuously) Ɖnot sure 

what happened to power gating
ÅLEDs: 11 mW average Ɖ&­«Żº Ä´X J« JӃÇJÉ´-on LED 

to report status!



Bike Lane Ɖpower - Team 4
ÅSimilar to team 3, but only one panel
Å&­«Żº |JÆX N­ª°ӃXºX °­ÇX³ MÄTzXºŵ ´­ T ZZ NÄӃº º­

draw conclusions as to main drivers



Bike Lane Ɖpower - Team 5
ÅUsed primary Li-SOCL2 cells
ÅWork well in cold temp (as opposed to Li-Ion, alkaline)
Å2S2P configuration (I believe)
Å6XXT º­ MX żMÄ³«XT  «Ž º­ zXº ´ºJ³ºXT

ÅCreated 3V3 and 1V8 with converters
Å1.8V for XM125



Bike Lane Ɖelectronics - Team 3
ÅMain board
ÅESP32S3
ÅLoad switches
ÅConnectors

ÅPower board
ÅUSB/solar in
ÅGenerate various voltages

ÅXM125 sensor board



Bike Lane Ɖelectronics - Team 3
ÅLoad switch for cellular and 

for XM125 boards
ÅSleep modes/pins not exposed

ÅXM125 also needs 1.8V



Bike Lane Ɖelectronics - Team 4
ÅTwo PCBs
ÅOne w/ ESP32, connectors
ÅOne for power management
ÅCellular module just hanging out

These boards could be a lot smaller



Bike Lane Ɖelectronics - Team 4
ÅGood that they used IDC 

cables
ÅPolarized

ÅBad that they used wood
ÅComplicated assembly, 

everything stuffed in there
ÅThey should have partitioned 

their electronics differently
ÅOne cable in-between
ÅMounts for battery, cellular 

module



Bike Lane Ɖelectronics - Team 5
ÅPower board
ÅBunch of buck/LDO 

converters
ÅA|XÉ T T«Żº ¦«­Ç Ç| N|

would work

ÅSensor board 
ÅFor XM125

ÅESP32 board
ÅThese boards are bigger 

than they need to be
ÅDid not pay attention to 
N­««XNº­³ ° «­ÄºŹJ«T
had issues at final 
MÄ ӃTŹ|JT º­ Ä´X
individual jumper wires 
and glue

These boards 
could also be a lot 
smaller



Bike Lane Ɖcomms
ÅAll teams used cellular modem due to 

placement in Cambridge where WiFi
was not necessarily available
ÅSome teams initially explored LoRa 

but not for very long



Bike Lane ƉCost
ÅTeam 3
ÅBOM: $166
ÅCOGS: $211
ÅCost drivers
ÅXM125: $22
ÅSolar panels (3): $42
ÅBattery: $15
ÅCell module: $39
ÅUSB-C cable: $8
ÅFuel gauge: $5
ÅSIM card: $5

ÅTeam 4
ÅBOM: $75
ÅCOGS: $175
ÅCost drivers
ÅU/S module: $16
ÅPIR sensors (2) : $6
ÅCell module: $17

ÅTeam 5
ÅBOM: $177
ÅCOGS: $228
ÅCost drivers
ÅXM125: $14
ÅBatteries (4): $44
ÅCell module: $39
ÅUSBC connector: $8
ÅASA filament: $17
ÅSS tamper-resistant 

screws (12): $5
ÅFlexseal: $7



Bike Lane ƉFW Ɖteam 3
Å$­ÄӃT«Żº Z «TŹ



Bike Lane ƉFW Ɖteam 4



Bike Lane ƉFW Ɖteam 5
ÅDeep sleep
ÅInterrupt -driven architecture



Bike Lane ƉFW Ɖteam 5
ÅDeep sleep
ÅInterrupt -driven architecture



Bike Lane ƉFW Ɖteam 5
ÅDeep sleep
ÅInterrupt -driven architecture



Bike Lane ƉFW Ɖteam 5
ÅDeep sleep
ÅInterrupt -driven architecture



Bike Lane ƉFW Ɖteam 5
ÅFW supposedly had OTA working
ÅBut Team left FW in debug state
ÅTransmitting every 5 min instead of once an hour
ÅKilled batteries in a few months

ÅStaff was unable to switch debug state
ÅBecause FW was left with several unmerged 

branches
ÅFW had hardcoded debug state with MAC 

addresses (or something like that)
ÅFX T T«Żº ÇJ«º º­ ªX³zX J«T ªX´´ XÆX³Éº| «z Ä°



Bike Lane Ɖfront end Ɖteam 3
ÅWhat I like
ÅA bit more intuitive front -end
ÅNicer plots

ÅF|Jº . T­«Żº Ӄ ¦X
ÅStill unclear what is devices vs. 

riders vs. analytics
ÅCannot select date range
ÅCannot compare devices


