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6.900 2025 Projects

ATwo projects, five teams

AMITOS
A Stationary weather station to be deployed in various parts of campus

AMonitor local heat environment

APrimary requirements
A Accurate air temperature measurement
A More robust comms
A Interact with users

ACity of Cambridge Bike Lane Monitor
A Count bike usage in separated bike lanes
APrimary requirements

A Accurate bike detection

A Works anywhere in Cambridge
A Privacy-preserving



6.900 2025 Projects

ASome classwide differences last year
AWe used Arduino
ANo more this year
AWe allowed teams wider latitude in industrial design, 3DP,
front end

ALogistically insane with little-to-no benefit
AThis year we tightened down



MITOS project BDteam 1

Server
POST JSON body
using ESP32 built-in
WiFi module stores all sensor,
timestamp, and
location data SQL Database
Collects temperature , / \
h um | d |ty an d IU X d ata Battery Solar Cell E-Ink Display
everyfive minutes and ' — '

; ; Frontend
posts it to the website ESP32 + Power |C T Website
every hour —

Temperature + RH ESP32
] Sensor
Displayscurrent
temperature and \ J

website QR codeon an
e-paper display for

1 Ext |
Communlty engagement / Light Sensor || Tempera?t:.lr:+RH \

Sensor

Enclosure with Radiation Shield




MITOS project BDteam 2

Upload weather
and voltage

measurements

SCL database

g

Backend server

Use LoRa to send messages via
MQTT across mesh network =

W

Frontend

S

Light Sensor

1

Radio Module

N\

Solar Panel >

Fault Detection |< | ESP32

Power|Board

Battery Charger IC

T

Wind
Sensor/Anemometer

oA A

Did not implement anemometer or IMU

|

Battery

T/RH Sensor




MITOS project b comms strategy BDteam 2

AHeltec V3 LoRA Module
connected to each sensor
« - T X N-«Z z A3 X — Gatoway hugs ot w2l

. et }_b fﬁi%zrzﬁiaﬁf — H“?'I‘t’ic“'za e @ l. MQTT
AGateway-configured LoRA PN N 5 L
module connected to the wall | | e . s [

= = ey
ASends all data seen in the — = (Galeway) L
communication channel o A __IEH S

Sl ART, | Heltec V3 E

between all nodes onto the S ey [ Modue
Server Sensor messuromerts,

Mesh Network collection, etc.
Boxes closerto | "ttt

A BB «-TX" J3X
the same channel

Database




MITOS project D industrial design - team 1




MITOS project D industrial design bteam 2

solar cell

e-ink display

solar radiation shield

enclosure

hose clamp

Use gasket for weathgsroofing
Waterproof cable penetration with epoxy




Industrial design notes

ARadiation shield
ABoth used 3DP design
AAssembly of the bits and pieces can be timeconsuming

ATeams return again and again to hose clamps
AMetal zip ties are also a good option (but onetime use)
ANeed to ensure your enclosure attachment points are strong

AE-ink displays

AHad last-minute issues with sourcing and size changes



MITOS D sensors & electronicsbteam 1

AOne main board w/ ESP32,
power, etc.

ATwo simple daughter boards
with RH/T, lux
ATo bring sensors to edge of
enclosure

ARH/T board conformal coat
for weather -proofing
AMore on that later




MITOS D sensors & electronicsbteam 2

ASimilar physical partition
AUse load switch to turn off LoRa module A conserve power
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MITOS P sensors & electronicsPteam 2
ARH/T and Lux boards

SHT4O vi.4

6.900 Mitosis |l 6.900 MOTOSIS

M 03,21/2025 El Light Sensor vi
R1 04-18-2025

Boards with
components on both
side A harder to
assemble




MITOS D sensors & electronics

AAIl used

ASHT4x sensors

A Team 1 had additional internal SHT sensor so used variant with different 12C
address

AVEML7700 light sensors
A These have a weird footprint and are big andkinda pricey

ABattery monitor ICs
A Unclear if this is a big win over just measuring voltage
Alndustrial design necessitated parts on both sides of board
AThis is always a PITA

ADid not use proper connectors

ANon-polarized, non-locking
AH- AZXX T- MX°o©°Xxs o " EXJ?® Y



MITOS B power budget Bbteam 1

ADlSplay updates are pricey Operating Current(mA) | Duration (ms) @ Current Consumed(maH)
(In power) Sensor Collection 36.038 80 0.0008
ADeep sleep current was | Data Processing 36.035 1200 0.0120
~05 mA Comms Connection 404.531 400 0.0449
A Not sure Why this is so hlgh Comms Transmission 950.053 200 0.0306
A Should be able to get this
much lower Deep Sleep 0.5322 3,598,120 0.5322

APower hogs: Display >
Deep sleep > Comms > Battery Lifetime (days) | 235.010
everything else Lifetime with e-ink(days) | 14.427
Alf you are using a display, | Litetime with Solarand | indefinite Assuming 100 mW input for 8 hours

start on it soon in order to | &
maximize efficiency



M ITOS ‘D FW 'D team 1 A Using cycles vs. time can lead to

Issues estimating time later on

s e A Architecture does not allow

RESET! il mmy‘JSDWU reading different sensors with

different cadences
Update ESP Read sensors
time using
elapsed time J
Save data to add invalid value (-0990)
ull-screen refre ery Display data to buffer for faded sensor dala
o-ink

g Data collection
40 seconds WDT every 5 minutes

Reset data
buffer

"‘\_' Save data
— failed to send
[+ ] to SD card

ll D U D ] faled 5 imes

L= L=

failed <5 times

Minimum hourly
data upload

Connects to strongest
WiFi signal from given list

Report data which

T failed to send using
SD card data

Check for OTA
updates




MITOS DFW Dteam 2

) SoC <
| SoC Threshold /

» STATE sOC_LOw

No

All Sensors [/
Detected _FI STATE_SENSOR_ERROR

STATE_LORA
currentState != STATE_LORA
Establish LoRa
Serial Connection »| STATE NORMAL
=l Encode RTC Buffer Data
co"escellf:gf‘s"om » STATE_SENSOR_ERROR Deep Sleep for 5 minutes
Encode into 12 ASCI| Characters
‘ou
es
Store Data
RTC BUFFER STRUCT.
- Temperature
- Humidity
Concatenate 12 Data - Lux
ackets into One String - 50C =
- Index
JEAKCyde®%3 P ) rowhiteindex>=
f / / MAX_RTC_READINGS /

Write RTC Buffer to _ﬁ SIRIE TR

Flash Memory

Update E-Ink Display



MITOS b FW notes

ASome keys to success

AFor WiFi, scan for the strongest AP
Alt will change over time, even if your system is not moving

AMultiple APs may broadcast the same SSID, so you need to choose
the strongest MAC, not just strongest SSID

AYou WILL have comms failures WiFi, cellular, LoRa, etc.)
AHave a way of buffering up the data

AConsider logging data and messages to SD Card
AEasy to re-direct ESP_LOG messages to SD
A& - X" «Z° N-« A2 X J K-° -Z °-CXs3
ALogs make debugging easier
Alncreases cost and complexity of system
ARequires more GPIOs b/c SD cards use SP]



MITOS b Fault reporting Bteam 1

Temperature +
Heat Index

WiFi connectivity
indicator

Server
status

Battery charge Website QR

indicator

code

Debug mode: posts and
refreshes e-paper every 5 seconds

Normal mode: collects data and
refreshes e-ink every 5 minutes,
posts data every hour

In both modes, all data and

error messages are logged to
the SD card

YAaaiAy3d FTNRY R



MITOS b Fault reporting Bteam 2

AOn-board status LEDs

AThese may only be visible internally

AGreen LED- The system is on.

AOrange LED-A| X ~E~ 9 X2z’ MJ°° X3 E ~ N| J3 z
rapidly when there is no battery plugged in.

ARed LED- Battery charger fault, which includes:

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



MITOS D dashboardbteam 1

HeatSync

{ Air Temperature

=

HeatSync

Sailing
s (] .
Sailing Pavilion Kendall Open Space Outfinite Stata Center N51 Courtyard Eastman Pavilion Add a New Device
8:41 PM on May 7 12:59 PM on May 8 3:21 PM on May 8 3:53 PM on May 8 4:00 PM on May 8 null
Kendall ‘ Del Devi
Open 1 Location Name: elete a Device
65.87°F 73.08°F 72.15°F 72.09°F 73.24°F null°’F Space
ti : +i .
Outfinite | 2 Exact Latitude: Location ID
Stata Exact Longitude:
R o temp Center 3 Submit
2 st 2%, 73
UNIVERSITY fain st NS5I 4
PARKCOMMON L Courtyard
; Maln Straae Somithank 72
o (5] - Eastman | 5
o ain St
Lo &} ® 4 I
LANDSDOWNE o >
QUADRANGLE 70
> Upload New Firmware
acTERRACE ®
J 69
o
e P Charles River Basir Version Number:
68
sextevarDEN PY I67 H equync

A I like

A Displays last update time/date A know which devices are active

A Has error logging table (not shown)

A
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5

[e] bx

XNX -
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A ID is not linked to MAC address
A Too many significant digits reported
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Radiant Temperature and Humidity

Sailing Pavilion Kendall Open Space Outfinite Stata Center N51 Courtyard Eastman
8:41 PM on May 7 12:59 PM on May 8 3:54 PM on May 8 3:53 PM on May 8 4:02 PM on May 8 null

66.38°F 77.76°F 73.47°F 82.14°F T47T°F null°’F

62.563% 67.846% 47.473% 39.1% 42.333% null%

TXAE NX

Z TJ°J .
MK X
X’ -«

» Radiant Temperature Graphs

3 Jwz X W X

XN Z2 N TJ°X

Error Logs



MITOS P dashboardbteam 2

Temperature and Humidity Plots

Al like
Start Time: |03/12/2025, 10:10 PM (1|End Time:|03/15/2025, 10:11 PM 0| Update |

A Can Set SpeCIfIC date ranges [ Temperature H Humidity H Heat Index H Battery || Down

March 2025 ~ N b
ATzt i : oo

s M T W T

A? «zBX °§-°2°3ax 1} mummma
9 10 11 12 13 14“ 01 14

16 17 1820 21 22 02 15

23 24 25 26 27 28 29
03 16

3 31 1 2 3 4 5
04 17

Clear Today




MITOS - cost

ATeam 1 ATeam 2
ABOM: $96 ABOM: $102
AAssembly: $60 (3h@$20/h) AAssembly: not sure
ACOGS: $156 ACOGS: not sure
ACost drivers ACost drivers
A E-ink display: $16 A E-ink display: $17
A Battery: $9 A Battery: $10
A Solar panel: $8 A Solar panel: $12
A Enclosure material: $10 A LoRa radio: $18

A Enclosure material: not sure



MITOS Daccuracybteam 1

ADid comparison to weather station 6.900 system Temperature
at sailing pavilion
A Obtained similar results for humidity -

A Obtaining accuracy is hard .
because -

A You need to compare with a more -~
accurate system

A The two options nearby are sailing
pavilion and Green building

A Neither easily provide raw data for R
comparison *-

A Need to perform comparison on
warm sunny day cause sun is going to E=5E

major cause of inaccuracy Weather station at sailing pavilion

&0




Bike Laneb overall concept - Team

ASense bikes using
mmWave radar

ATransmit periodically over
cellular

AUse solar panel + battery
+ sleep for power
management




Bike Laneb overall concept - Team 4

AUse PIR to detect objects @ka
tripwire) [ .......... =
ALow power J ol —
AUse ultrasonic sensor to -

confirm detection

AEnsure it is in bike lane
ADecrease falsepositive rate

ATransmit periodically over

SENSORBOARD HARDWARE

Ultrasonic

cellular e T Lo -
AEvery 3 minutes =.
AUse solar panel + battery +
sleep for power management canons

AAsleep lam to 6 am



Bike Laneb overall concept - Team 5

AUse XM125 mmWave radar to all oo x
detect objects [ ssssssss ] [
ATransmit periodically over 11 9

cellular . | I
S (e

AUse primary cell + sleep for
power management

Lisocl2
ttttttttt



Bike Laneb system diagram- Team 5

Database posting
Sensor Data via pin to server
<€ <€ >
Hardware status & Software
faults (comms, 2-way PfCK-s/
power/battery) communication
handshakes
\ Software
Servers/API
SIM7080g Endpoint Front-end/
Website
Sensor Power
(XM125, Board

STM32)

Pin UART
roner

(Fault)
LEDs

MCU
(ESP32)



Bike LaneD ID - Team 3

AMounted high
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Lid attachment w/o sealing is a bit scary



Bike LaneP®ID - Team 3

AAlignment blocks for
easy alignment




Bike LanePID - Team 4

AUse hose clamps at
back

AMounted lower than
other teams




Bike LanePID - Team 5

AParametric design
allows easy
dimensional change

ACurved back for pole
mounting

ASide access panel for
USBC, debug LED

ABack panel access to
batteries

ANot so easy to access
& change

OO0 10 1

)

:'r_




Bike LanePID - Team 5

AWaterproofing via
AGaskets at openings
AFlexSealcoating
AWashers on screws




Bike LaneP sensors- Team 3

AEvaluated several strategies
ACameras, PIR, U/S
APivoted to mmWave radar near the end

AXM125

A One advantage: does not need window or
other external access

A Uses its own STM32 MCU, so two pieces of
FW to deal with

APivoting late caused headaches

ADe-risk high-risk aspects of your
approach early on

AThis includes getting substantial data.
Early on. Outdoors. In real setting.




Bike Laneb sensors- Team 4

ATwo PIRs + one U/S

APretty low power b/c U/S used intermittently
AAdds three penetrations in enclosure

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

AFinding a weatherproof U/S sensor took a bit of work

AA| - Az| °©°| XE T T«Z©° zX° o
could work

ASensing was a highrisk aspect of this project that they
T TdesR early enough!

J° ° 3



Bike Laneb sensors

AAt least one team evaluated cameras and TOF sensors
AA 8 * " X« - 387 T- « 70 C- 3! CXKK . Ao T.
AE.g., VL53L5CX range limited to 2.2m in sunlight
A*3 Jax 3Jo X «XXTXT Z-3 M | X TX% XNP©° -« T3JC’

ACameras have power, compute, and privacy challenges



Bike Laneb power - Team 3

ASOIar panels + batteries Ane chose the ESP32-S3 to utilize more advanced power

_ saving features
AAllowed either batter_y or AJltra-Low Power Coprocessor handles sensor reading
SO|ar+battery operation to minimize power consumption: 100 uA vs. 30 mA

@ €SPRESSIF

ESP32-S3-WROOM-1

FHEEBHE (LS)
BIERAS Fx E
E]'EE

Easily accessible battery compartment



Bike Laneb power - Team 3

AMain power drivers
AComms: 7mW average (1x/hr)
ACompute: 2 mW average

ASense: 33mW average (on continuously)D not sure
what happened to power gating

ALEDs: 11mW averageP& - «Z° A~ X-odlED J K CJ E”
to report status!



Bike Laneb power - Team 4

ASimilar to team 3, but only one panel

A& - «Z° | JAEX N-2°KX°oX °-CX3 MATzX°Ww
draw conclusions as to main drivers



Bike Laneb power - Team 5

AUsed primary LiSOCL2 cells

AWork well in cold temp (as opposed to Li-lon, alkaline)
A2S2P configuration (I believe)
A6 XXT ©°©- MX zZMA3 «XT «/Z ©°- zXO° “07J3oxXT

ACreated 3V3 and 1V8 with converters
A1.8V for XM125



Bike Laneb electronics - Team

AMain board
A ESP32S3
A Load switches
A Connectors

APower board
A USB/solar in
A Generate various voltages

AXM125 sensor board




Bike Laneb electronics - Team 3

AlLoad switch for cellular and
for XM125 boards

Power: Block Diagram

4 A

% ESP32

A Sleep modes/pins not exposed <PI_R>
AXM125 also needs 1.8V =

N

Camera/‘

RT8080-18GJ5
LDO

3V3

_| SIM7080G

1V8

TLV62569
Buck
\  Solar \

A

rrrrrrrrrrrrrrrr
I
MAX17048

eeeeeeeee




Bike LaneD electronics - Team 4

Two PCBs
AOne w/ ESP32, connectors
AOne for power management
A Cellular module just hanging out

22" SOUAR 1Mty )
)] suet.ouo . rR2 [oZ
3 T CHARGE M-k /(WD

SOLAR PANEL CONNECTOR
4oV FOWE

aC16

Anthony Acevedo/ Elise Wingerd
umevlout va.o

TESTPOINTS
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[
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[
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&
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1PL0 +5V POWER
VBAT

\p 1 e DT UANE 4 4 s T2
Y‘Egjj @ Cot Module Iy Y058 1Y +sv.1 [
TPSCLL TP SDAY 23 182 g3
1 i A evs [T oo [ 'm
- - ATy A

1£2 ris & R22
I
3

. : "r"‘\{l!rbura
b T

% : { =
P04 _ b = - ‘vp}"" .
¢ 2 (T4 vreo

&
VAUX 2

InvPIRL
13

These boards could be a lot smaller

Boot (109) Buttoa EN Button

Pin Breakouts




Bike LaneD electronics - Team 4

AGood that they used IDC
cables

APolarized
ABad that they used wood

AComplicated assembly,
everything stuffed in there

AThey should have partitioned
their electronics differently
AOne cable in-between

AMounts for battery, cellular
module




Bike Laneb electronics - Team 5

PowersInput

APower board

A Bunch of buck/LDO
converters

d - o REF** Input 3v3 m:utput 3v3 u:utput 1v8 Buck  1VYB_LDO CummE Input
=
AA|XE T T«Z o 00
Q0 O-O QD C=0
| _ - Input .*"*‘ AR, X} mtput 1V8 Buck "t‘ D0 cumrn ,3\
would work o iz v

’;%t mkn%z [} . . . ESF_"X 3V3#
rﬂ o . G_ Wiickerar | N Eg"atgjvz 3V3.dnput
3h 3 o Fu . — =it 5 ESP_RX3V3IP
ASensor board i AN L :
ol W‘f‘”}[ji . , u- ) | [u 3V3 nput RGERUR PE. 2
A For XM125 - i X B o
® 2 > 'n:
o

o

AESP32 board A A
O o

3V3

: , e foF AR5 g 1po * ]
. Camm P2 T esignator? \:l L ’@j
AThese boards are biggerfilt SISt g S e .

than they need to be ) R H @
ADid not pay attentionto

N- «« XN©° -3 ° A'heZeloaands

had issues at final _could also be a lot |

MA BTZ[JT °- A sialler

iIndividual jumper wires

and glue oing B i
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: > foundin
Power Duty ut Commg input
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Bike Lane® comms

AAIl teams used cellular modem due to
placement in Cambridge where WiFi
was not necessarily available

ASome teams initially explored LoRa
but not for very long




Bike LaneP Cost

ATeam 3 ATeam 4 ATeam 5
ABOM: $166 ABOM: $75 ABOM: $177
ACOGS: $211 ACOGS: $175 ACOGS: $228
ACost drivers ACost drivers ACost drivers
A XM125: $22 A U/S module: $16 A XM125: $14
A Solar panels (3): $42 A PIR sensors (2) : $6 A Batteries (4): $44
A Battery: $15 A Cell module: $17 A Cell module: $39
A Cell module: $39 A USBC connector: $8
A USB-C cable: $8 A ASA filament: $17
A Fuel gauge: $5 A SS tamperresistant
A SIM card: $5 screws (12): $5

A Flexseat $7



Bike LaneD FW DPteam 3

A$ - AKT«Z° Z «TZ



Bike Laneb FW Pteam 4

] . sleep_timer = sleep_timer-time _asleep-time _awcke
ten_min_bike_count++

if (not time to post

After x seconds .
No l while awake)

No

F 3

GPIO PIR HIGH Yes Bike detection

—Yes—»

if (time to post while
awake)

bin_on++
Set wakeup timer for 10 mins

bin_ocn%6!=0

Time to post? bin_on%6 ==0 Call postData()

Timer Wakeup

Deep Sleep

Set wakeup timer for 10 mins

sleep_timer = {bin_on == last_kin)? & hours: 10 min




Bike Laneb FW Pteam 5

ADeep sleep

Alnterrupt -driven architecture
-SETUP Provisioning

-REBOOT interrupts
-RESETS Setup/Reboot

-SENSOR
Deep Sleep interrupts
(OFF)

Record Data

-TIMER

interrupts POST to Server
(Databases)




Bike Laneb FW Pteam 5

Interrupt signals:

ADeep sleep REBOOT,
Alnterrupt -driven architecture

- Checks and saves if device has been setup before
into flash memory.

Initialization - Gets Monitor 1D / MAC Address

-Reports battery voltage, raises
Battery Check Battery Fault if measured voltage is

< BATT THRESH

-Attempts to connect to Cellular via SIM7080¢g
Comms Check — if COMM_ERR, append Comms status and Timestamp
to RTC

SUCCESS FAIL

Handshake with
Server

DEEP SLEEP
Set POST Timer -




Bike Laneb FW Pteam 5

ADeep sleep
Alnterrupt -driven architecture

compare entry
number to
maxNumRTC

Entries

Out of RTC
Available Space:
Overwrite oldest

entries

POST Interrupt

YES

-

SENSOR
Interrupt

Increment Bike
Count

;

Write new
timestamp to
RTC

'

Saw another bike
within 2 sec of
last?

¢N0

Have I missed
the POST time?

NO

y

DEEP

Update current
time and RTC

SLEEP




Bike Laneb FW Pteam 5

ADeep Sleep Interrupt or

from SENSOR

Alnterrupt -driven architecture tnterrupt

Get all Bike Data

FAIL

Increment next time Handshake with
to POST Server

FAIL l SUCCESS

POST to server

¢ SUCCESS

Reset RTC
variables

¢ SUCCESS

Set Timer for DEEP SLEEP

next POST




Bike LaneD FW DPteam 5

AFW supposedly had OTA working

ABut Team left FW in debug state

A Transmitting every 5 min instead of once an hour
A Killed batteries in a few months

A Staff was unable to switch debug state

A Because FW was left with several unmerged
branches

A FW had hardcoded debug state with MAC
addresses (or something like that)

AFX T T«Z° CJ«©° ©°- 2ax3zX J«T 22X~ XAEXZ3E°| «z



Bike Laneb front end Bteam 3
AWhat | like @ | l\;APVIEw

A A bit more intuitive front -end

A Nicer plots
AF| J° . T-«Z° K : 99
A Still unclear what is devices vs. s T .,
riders vs. analytics ,y*"-é mg,g /
A Cannot select date range §t S :
A Cannot compare devices W G e

Device #0001
Status: Online
Battery: 9%
Location: 355 Main St, 02142

Average # Riders: 40 per hour
Average Speed: 28 km/h




