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1. About MicrOBU
MicrOBU turns your Android phone into the display for a small V2X radio carried on your bike. V2X is short-range radio in a dedicated band at 5.9 GHz. Cars, buses, trucks and roadside traffic equipment that are fitted with it broadcast where they are and how they are moving, several times a second, to anything nearby that is listening.
The app listens to those broadcasts, works out which of them matter to you, and puts a warning on the screen when one does. It also broadcasts your own position, so that V2X-equipped vehicles around you can see that a cyclist is there before they can see you with their eyes or their cameras.
	Read this first.  MicrOBU is a research prototype. It has been tested on a bench against real traffic transmitters, but it has not been validated on the road with two moving vehicles. It is not a safety device and it is not certified as one. Ride exactly as you would without it.



1.1 What it can tell you
A car is crossing your path at an intersection. The most important case, and the one the project was built around.
A car stopped at an intersection may pull out. It is stationary now but positioned to move into your path.
A car is turning across your path. Separate warnings for a right turn and a left turn.
A fast vehicle is closing on you. Either coming up from behind or approaching much faster than you are moving.
A hazard has been reported nearby. For example a broken-down vehicle. Shown with the area it applies to.
What a nearby traffic light is showing. Live signal state and, where the roadside unit supplies it, a countdown.
1.2 What it cannot do
It cannot see vehicles that do not transmit V2X. Most vehicles on the road today do not. A quiet screen does not mean an empty road.
It cannot work without a satellite fix. Everything depends on knowing where you are. Indoors, in tunnels, or under dense cover, it has nothing to work with.
It cannot judge intent. It reads position, speed and heading. It does not know that the driver has seen you.
It cannot replace looking. Treat it as one more input, never as permission to stop checking.
	[ IMAGE PLACEHOLDER - Figure 1 ]
Caption: The MicrOBU app running on a handlebar-mounted phone with the OBU attached.
Must show: The complete rider setup as actually used: phone in its mount showing the Dashboard or V2X screen, USB-C cable running to the OBU, and the OBU in its position on the bike. One wide shot so a new rider can see how the parts fit together.





2. Before you start
2.1 What you need
	Item
	Requirement
	Notes

	Android phone
	Android 10 (API 29) or newer
	Developed and tested on a Pixel 9 Pro. Needs USB-C with USB-OTG (host) support.

	OBU hardware
	consider it CiT One, or an ESP32-C5 board running the MicrOBU firmware
	See section 3. You only need one of the two.

	USB-C cable
	A data-capable USB-C OTG cable
	A charge-only cable will power the board and carry no data. This is the single most common setup failure.

	Power
	Enough battery for the ride
	The phone drives the radio on the ESP32-C5 path, so it drains faster than normal use.

	Sky view
	Open sky for a satellite fix
	Warnings are geometric. Without a fix there is nothing to compare against.



2.2 Permissions the app asks for
The app asks for these the first time it needs them. All of them are required for the feature described, and the app will tell you on the Dashboard if one is missing.
	Permission
	Why it is needed

	Location (precise)
	Your position, speed and heading. Every warning is calculated from these, and they are what your own broadcast carries.

	Notifications
	So trip recording can keep running in the background with a visible notification.

	USB device access
	Granted per device when you plug in the ESP32-C5. Android asks each time the board is re-attached.



	About the USB permission.  Android requires a person to approve USB device access. It cannot be granted once and forgotten. If you unplug and replug the board, or the board restarts, you will be asked again. This is Android behaviour, not an app setting.





3. Choosing your OBU hardware
MicrOBU supports two different pieces of hardware. They do the same job for you as a rider, but they work in very different ways, and a few features exist on only one of them. You choose which one you are using in Settings, and the app changes what it shows to match.
3.1 The two options side by side
	
	consider it CiT One
	ESP32-C5

	What it is
	A complete, self-contained V2X on-board unit.
	A small development board acting as a plain radio.

	How it connects
	USB-C, appearing to the phone as a network connection.
	USB-C, appearing to the phone as a serial device.

	Who builds your broadcast
	The OBU does it by itself, continuously.
	Your phone builds it and hands it to the board to transmit.

	Needs a network
	Yes, internally, between phone and OBU.
	No. Nothing about this path touches a network.

	Hazard test button
	Yes. See section 9.2.
	No. Not available on this path.

	CAM Pinger test
	No.
	Yes. See section 5.4.

	Works with no signal
	Yes.
	Yes, and with less to go wrong.



3.2 Which one should you use
Use whichever unit you have been given. If you have both, the ESP32-C5 path is the simpler one to get running and the one the intersection warnings were most recently tested against. The CiT One path is the one to use if you need the hazard broadcast test button.
3.3 Telling the app which one you have
Open Settings from the bottom bar.
Tap OBU Hardware.
Choose CiT One or ESP32-C5.
Go back. The Connection screen and the V2X screen now show the controls for that path only.
	If a control you expected is missing,  check this setting first. Several buttons are deliberately hidden on the path where they would do nothing.



	[ IMAGE PLACEHOLDER - Figure 2 ]
Caption: Settings, OBU Hardware picker, with ESP32-C5 selected.
Must show: The Settings sub-screen showing both hardware options as selectable rows, one of them chosen, and the explanatory note that appears underneath the ESP32-C5 option.





4. Setting up the CiT One
On this path the OBU is a complete V2X unit. It generates its own broadcast, receives everything around it, and hands the results to your phone over a network connection that runs across the USB cable.
4.1 Steps
Set OBU Hardware to CiT One (section 3.3).
Connect the phone to the OBU with the USB-C cable.
On the phone, turn on USB tethering in the Android system settings. This is what creates the network connection to the OBU.
In MicrOBU, open Settings and then Connection. Leave Auto-detect OBU via USB-C switched on.
Open the V2X screen and tap Connect.
Wait. The Dashboard OBU Connection card changes to MQTT connected once the link is up.
4.2 If auto-detection does not find it
The app normally works out the OBU address by itself when the cable goes in. If it does not, you can set the address by hand.
Go to Settings, then Connection.
Switch off Auto-detect OBU via USB-C.
Enter the address in Manual OBU IP.
Return to the V2X screen and tap Connect again.
	What the states mean.  Connecting to broker means the app is trying. Broker unreachable, check V2X settings means it tried and failed, which almost always means tethering is off or the address is wrong.



	[ IMAGE PLACEHOLDER - Figure 3 ]
Caption: Dashboard with the CiT One connected.
Must show: The Dashboard showing a satellite fix acquired, the IMU active, and the OBU Connection card reading MQTT connected with the USB-C transport indicator.





5. Setting up the ESP32-C5
On this path the board is only a radio. Your phone does the thinking: it takes its own position, speed and heading, builds the broadcast message, and sends it down the cable for the board to put on air. Everything the board hears comes back up the same cable.
5.1 Use the correct USB-C port
The ESP32-C5 development board has two USB-C ports and they are not interchangeable. Plugging into the wrong one is the most common reason for the app never seeing the board.
	Port
	Use it for
	Do not use it for

	Native USB-C port
	Connecting the phone. This is the port MicrOBU talks to.
	

	UART bridge port
	Flashing and console output from a PC.
	The phone. The app will not find the board here.



	[ IMAGE PLACEHOLDER - Figure 4 ]
Caption: The ESP32-C5 board, with the native USB-C port marked.
Must show: A close photograph of the board with both USB-C ports visible and a clear arrow or label on the native port, so a rider can identify it without reading the silkscreen.



5.2 Steps
Set OBU Hardware to ESP32-C5 (section 3.3).
Power the board.
Connect the phone to the board's native USB-C port with the USB-C OTG cable.
Open the V2X screen and tap Connect.
Android asks for permission to access the USB device. Grant it.
The link state changes to Connected.
5.3 What the link states mean
	State on screen
	What is happening
	What to do

	Not connected
	The app has not opened the board yet.
	Plug into the native USB-C port and tap Connect.

	Device detected, opening
	The board was found and the app is opening it.
	Wait a moment.

	Waiting for USB permission
	Android is asking you to approve access.
	Approve the dialog.

	Connected
	The link is up and healthy.
	Nothing. You are ready to ride.

	Connection error
	The app could not open or keep the board open.
	See section 10.2.



	How the app knows the link is alive.  The board sends a heartbeat once a second whether or not any traffic is on air. If three heartbeats in a row go missing, the app declares the link dead and shows the error state. A quiet road will not trigger this, only a genuinely broken link will.



5.4 The CAM Pinger
The CAM Pinger is a test tool on the V2X screen, available only on this hardware path. It broadcasts your position once a second without you having to start a trip recording, which is how you check that the cable and the radio are both working before you set off.
Wait until you have a satellite fix. Until then the Pinger shows Waiting for GNSS fix and sends nothing.
Tap Start Pinger.
Watch the Sent count rise, roughly once a second.
Check the counters underneath it stay at zero (see the table below).
Tap Stop Pinger when you are done.
	Counter
	What a non-zero value means

	Write failures
	Your messages are not reaching the board at all. Suspect the cable or the port.

	tx fail
	Messages reach the board but the radio refuses to send them. A radio problem, not a cable problem.

	oversize
	A message arrived that was too large for the link and was dropped. See section 12.

	crc err
	Data is being corrupted on the cable. Suspect the cable.



	[ IMAGE PLACEHOLDER - Figure 5 ]
Caption: The CAM Pinger card while pinging.
Must show: The V2X screen's CAM Pinger card in the active state, showing the Sent count and the firmware counter line reading zeroes.
Source: A bench screenshot of this card already exists from the 2026-08-25 session.





6. The screens
Five screens sit on the bar at the bottom: Dashboard, Record, Trips, V2X and Settings.
6.1 Dashboard
The screen to glance at before you set off. It answers three questions: does the phone know where it is, are the sensors running, and is the OBU connected.
GNSS. Your satellite fix, with speed, heading, altitude and accuracy. Acquiring fix means it does not have one yet.
IMU. The motion sensors. They feed the recorded trip, and on the ESP32-C5 they also supply the motion data the phone broadcasts.
OBU Connection. The link to your hardware, and which transport it is using.
Recording. Whether a trip is being recorded, and how many samples it has captured.
6.2 V2X
The live screen. Everything the radio is hearing right now, and every warning derived from it. It has three views, chosen by the List, Topics and Map buttons at the top.
	View
	Shows

	List
	Everything received, newest first, as readable rows.

	Topics
	The same traffic grouped by message type, for looking at one kind at a time.

	Map
	You and every tracked road user drawn on a map, with hazards marked.



Below the view selector, the screen builds up sections as traffic arrives:
	Section
	What it lists

	CAM Use Case Alerts
	The warnings. Empty when nothing needs your attention. See section 7.

	Stations in range
	Every road user currently broadcasting nearby, with speed, heading, distance and signal strength.

	Active hazards
	Reported hazards, with the area each one applies to. See section 9.1.

	Signalised intersections
	Live traffic light state. See section 9.3.



	[ IMAGE PLACEHOLDER - Figure 6 ]
Caption: The V2X screen in List view with live traffic.
Must show: The V2X screen showing at least one station in range, one active hazard and one signalised intersection at the same time, so a rider can see how the sections stack.
Source: The 14:45 bench screenshot from the 2026-08-25 session shows exactly this.



Reading a station row
Each row is one road user. It gives the station number, what kind of road user it is, the speed and heading it reports, how far away it is, and how strong its signal is. Roadside equipment appears as Roadside unit with no kinematics reported, because a traffic light does not have a speed or a heading to report.
	The same vehicle can briefly appear twice.  V2X transmitters change their station number periodically, on purpose, so that nobody can follow one vehicle around all day. When that happens the app treats the new number as a new road user for a few seconds until the old one times out. Two rows for one car, appearing and then resolving, is this and not a fault.



	[ IMAGE PLACEHOLDER - Figure 7 ]
Caption: The V2X Map view.
Must show: The map view with your own position marked, at least one remote road user plotted, and a hazard pin with its relevance circle drawn.



6.3 Record
Starts and stops a trip recording. See section 8.
6.4 Trips
Your saved rides. Tap one to open it on a map showing the route you took. Rides can be exported here.
	[ IMAGE PLACEHOLDER - Figure 8 ]
Caption: A recorded trip in Trip Review.
Must show: A completed ride drawn as a route on the map, with the trip's duration and distance in the header strip above it.



6.5 Settings
	Setting
	What it does

	Language
	English or Deutsch.

	Appearance
	Dark theme on or off.

	Sensor Streams
	Which phone sensors are recorded.

	Units
	Metric. Metres, km/h, hPa.

	Connection
	Auto-detect or manual OBU address (CiT One path).

	MQTT Broker
	Address, port and credentials for the CiT One path.

	OBU Hardware
	Which unit you are using. See section 3.3.

	Use Case Alerts
	Turn individual warnings on and off. See section 7.4.

	Developer
	Diagnostic screens, including the live sensor monitor. Not needed for riding.

	About
	App version and project information.





7. Understanding the alerts
A warning appears when the app calculates that another road user's path and yours are converging, and that the time until that happens is short enough to matter. That time is the number you see on the alert.
7.1 The three levels
Every warning carries one of three levels. The level is set by how much time is left before the paths meet, and it changes as the situation develops.
	Level
	Time to conflict
	What it means

	Info
	About 15 to 30 seconds
	Something is developing. Be aware of it. No action needed yet.

	Awareness
	About 5 to 15 seconds
	This one is real. Look for the vehicle and be ready.

	Warning
	5 seconds or less
	Imminent. Act now.



Above roughly 30 seconds nothing is shown at all. A warning clears by itself as soon as the geometry resolves, or when the other road user stops broadcasting or moves out of range.
7.2 The five warnings in plain language
	What you see
	What it means
	Typical situation

	Crossing vehicle ahead
	A vehicle is moving across your path, roughly at right angles to you.
	You are approaching an intersection and a car is coming from the side.

	Stopped vehicle may pull out
	A vehicle is stationary but positioned so that if it moves, it moves into your path.
	A car waiting at a side road as you approach along the main road.

	Car turning right toward you
	A vehicle appears to be turning right across your line.
	The classic right-hook: a car overtakes you and then turns across the bike lane.

	Car turning left toward you
	A vehicle appears to be turning left across your line.
	An oncoming car turning across you at an intersection.

	Fast-closing vehicle nearby
	A vehicle is travelling in roughly your direction but much faster, and closing.
	A car coming up behind you at speed on a road with no separated lane.



	About the turn warnings.  The broadcasts the app receives do not carry indicator or turn-signal information. The two turn warnings are therefore inferred from the vehicle's geometry and how its heading is changing, not from the driver actually signalling. They are the least precise of the five.



7.3 Reading the detail line
Under each warning is a line with four numbers. In order: which station is involved, how far away it is in metres, how fast the gap is closing in metres per second, and the time to conflict in seconds.
	[ IMAGE PLACEHOLDER - Figure 9 ]
Caption: The CAM Use Case Alerts panel with an active warning.
Must show: The alert panel showing at least one warning with its plain-language line and the detail line underneath, ideally at Warning level so the colour is visible.
Source: The 2026-08-25 bench session recorded an intersection warning at 4.8 seconds to conflict.



7.4 Turning individual warnings off
If one of the five is firing more than it is useful to you, it can be switched off without affecting the others.
Go to Settings, then Use Case Alerts.
Switch off the ones you do not want.
The same screen shows the time thresholds for each level. Those are fixed and cannot be changed from the app.
	The thresholds are engineering estimates.  The distances, angles and times the warnings use were chosen as reasonable starting values, not derived from measured cyclist and vehicle behaviour at real intersections. They have not yet been tuned against road data. Expect them to be conservative in some situations and not conservative enough in others.





8. Recording a ride
Trip recording saves everything the phone's sensors see during a ride and stores the V2X traffic alongside it. It needs no OBU at all and works completely offline.
8.1 Recording
Open Record from the bottom bar.
Tap REC.
Ride. You can lock the phone or switch apps. Recording continues in the background with a notification.
Tap STOP when you finish.
While recording, the screen shows which sensor streams are active and how long the session has been running. You can lock the phone; the notification confirms recording is still going.
	On the ESP32-C5 path, recording also matters for your broadcast.  Your own position is broadcast while a recording session is active. If you want to be visible to other V2X road users on that path, either record the ride or run the CAM Pinger (section 5.4).



8.2 Reviewing and exporting
Open Trips from the bottom bar.
Tap a ride to open it on a map showing the route.
Use the export control to produce a CSV and share it through the normal Android share sheet.
The exported file contains every sensor sample, the manoeuvres the phone detected during the ride, and the V2X messages received with their signal strengths.
8.3 Deleting
Rides and sessions are deleted from their list, with a confirmation. Deletion is permanent and removes the data from the phone. Export first if you want to keep it.
	[ IMAGE PLACEHOLDER - Figure 10 ]
Caption: The Record screen during an active recording.
Must show: The Record screen mid-session showing the sample count rising, the elapsed timer, and the active stream list.





9. Traffic lights and hazards
9.1 Hazards
A hazard is a warning broadcast by another road user or by roadside equipment about something at a specific place: a broken-down vehicle, an obstruction, an incident. Each one appears in the Active hazards section and as a pin on the map.
Each hazard shows what it is, which station reported it, and the radius around the reported point within which it is considered relevant. That circle is drawn on the map. A hazard disappears about a minute after its last repetition, so one that has been cleared or whose sender has driven away does not linger.
9.2 The hazard test button (CiT One only)
On the CiT One path only, the V2X screen has a manual test control that makes your own OBU broadcast a stationary-vehicle hazard. It exists to test antenna and radio range, not for use while riding.
	It is a test tool and nothing more.  It is never triggered automatically, it is not connected to any of the five warnings, and it does not fire if you crash or stop. Use it on a bench, not on the road.



9.3 Traffic lights
Where a roadside unit at an intersection broadcasts signal information, the app lists the intersection and colours each signal group by its current phase. Where the roadside unit also supplies timing, a countdown to the next change is shown.
	An important limitation.  The app can tell you what the signals at an intersection are showing. It cannot yet tell you which of those signals applies to the lane you are riding in. Matching a signal group to your approach needs intersection lane geometry that the app does not currently receive. Read the signal list as information about the junction, not as your own light.



An intersection that stops updating is removed after about fifteen seconds. A traffic light that has gone quiet is not still green.
	[ IMAGE PLACEHOLDER - Figure 11 ]
Caption: Live signal state for a signalised intersection.
Must show: The signalised intersections section showing one intersection with at least two signal groups in different colours, and a countdown value.
Source: The 2026-08-25 bench session captured an intersection with one group red and one amber.





10. Troubleshooting
10.1 Nothing is being received
	Check
	What to do

	Is the link connected?
	Look at the Dashboard OBU Connection card. If it is not connected, fix that first.

	Is there any V2X traffic where you are?
	V2X is only present near equipped vehicles and equipped intersections. Most places have none. An empty screen is normal on an ordinary street.

	Do you have a satellite fix?
	Without a fix, distances and warnings cannot be calculated even though messages are arriving.

	Is the correct hardware selected?
	Settings, OBU Hardware. The wrong choice means the app is listening on a path that is not connected.



10.2 The ESP32-C5 will not connect
Work down this list in order. Each step rules out the one below it.
Wrong port. Confirm the cable is in the board's native USB-C port, not the flashing port. See section 5.1.
Charge-only cable. A cable that carries power but no data looks identical. Try a known-good data cable.
Permission not granted. Tap Connect again and approve the Android dialog when it appears.
Board not powered or not running. Confirm the board has power and the firmware is running.
Board restarted. See 10.3.
10.3 The link dropped and did not come back
If the cable is jostled, or the board restarts, the connection is lost and the app does not reconnect on its own. It shows the connection error state and stays there.
Reseat the cable.
Tap Connect on the V2X screen.
Approve the USB permission dialog again.
	This one is worth knowing about on the bike.  The failure is silent in the sense that nothing beeps. If the cable works loose mid-ride, warnings simply stop arriving and the screen goes quiet, which looks the same as an empty road. If you are relying on the app, glance at the link state now and then. Automatic reconnection is a known gap and is not implemented.



10.4 The CiT One will not connect
	Symptom
	Likely cause

	Broker unreachable
	USB tethering is switched off on the phone, or the OBU address is wrong.

	Stuck on Connecting to broker
	The cable is in but tethering has not established. Toggle tethering off and on.

	Connected but no messages
	The link is fine and there is simply no V2X traffic nearby.



10.5 A vehicle appears twice
This is station number rotation, described in section 6.2. It resolves by itself within a few seconds. The same effect can briefly show one hazard as two.
10.6 The battery is draining quickly
Expected. Continuous satellite positioning, continuous sensor sampling, a screen that is always on, and on the ESP32-C5 path a radio powered from the phone, all at once. Carry a battery pack for longer rides.
10.7 A warning fired and there was nothing there
Possible, and worth reporting rather than ignoring. The thresholds have not been tuned against real intersection data yet (section 7.4), and satellite position noise can make two paths look like they are converging when they are not. Note the time and, if you were recording, export the ride so the trace can be looked at.


11. Language and appearance
The app ships in English and German. Change it in Settings, Language. The setting takes effect immediately and covers the whole interface, including the warning text.
Dark theme is in Settings, Appearance. Dark is easier to read at night and uses less power on an OLED screen, which matters on a long ride.
Units are metric throughout: metres for distance, km/h for speed, hPa for pressure. There is no imperial option.


12. Limits you should know about
These are deliberate and documented, not faults. They are listed here so that nothing about the app's behaviour comes as a surprise.
	Limit
	What it means for you

	Not validated on the road.
	The system has been tested against real transmitters on a bench, where the equipment does not move. It has not been tested with two genuinely moving vehicles. The intersection warning is the central claim of the project and this is the evidence still missing for it.

	Warning thresholds are untuned.
	The times, distances and angles are engineering estimates. They have not been calibrated against measured behaviour at real intersections.

	No automatic reconnection.
	If the USB link drops, you must reconnect by hand. See section 10.3.

	Turn warnings are inferred.
	The broadcasts carry no indicator information, so a turn is deduced from geometry. See section 7.2.

	Traffic light signals are not matched to your lane.
	The app shows what the junction is displaying, not what your approach is displaying. See section 9.3.

	Messages are not signed.
	The app does not verify that a broadcast genuinely came from who it claims. It trusts what it receives. Fine for a research prototype, not acceptable for a product.

	Some larger roadside messages are dropped.
	The link between phone and the ESP32-C5 has a size limit. Large traffic-light messages from some roadside units exceed it and are discarded rather than shown. This does not affect the vehicle warnings, which are the point of the system.

	No account, no cloud, no backup.
	Everything is stored on the phone only. Uninstalling the app or losing the phone loses the rides. Export anything you want to keep.

	Bluetooth is not implemented.
	USB-C is the only connection to either OBU.





13. Glossary
	Term
	Plain meaning

	V2X
	Vehicle to everything. Short-range radio that lets vehicles and roadside equipment broadcast to each other.

	ITS-G5
	The particular European radio standard MicrOBU uses, in the 5.9 GHz band.

	OBU
	On-board unit. The radio box carried on the bike.

	CAM
	The routine broadcast a vehicle sends several times a second saying where it is and how it is moving. Every warning in section 7 is built from these.

	DENM
	A broadcast about a specific hazard at a specific place. Shown as an Active hazard.

	SPAT
	A broadcast from a traffic light saying what each of its signals is currently showing.

	Station
	Any one transmitter: a car, a bus, a roadside unit, or you.

	Station type
	What kind of road user a station says it is. Car, bus, truck, cyclist, pedestrian, roadside unit.

	Roadside unit
	Fixed equipment at a junction, typically the source of traffic light information.

	Time to conflict
	The app's estimate of how many seconds until your path and another road user's path meet. It sets the alert level.

	RSSI
	Received signal strength, in dBm. A less negative number means a stronger signal. Roughly indicates how close or how clear a transmitter is.

	GNSS
	Satellite positioning. GPS is one of several systems it uses.

	IMU
	The phone's motion sensors: accelerometer, gyroscope, magnetometer.

	CiT One
	One of the two supported OBUs. A complete, self-contained V2X unit.

	ESP32-C5
	The other supported OBU. A small board acting as a plain radio, with the phone doing the work.





Where to go next
For how any of this actually works, and for the measurements behind the claims in this guide, see the companion MicrOBU Technical Documentation. It covers the architecture, the message path, the verification method, the bench results and the open items.
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