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Abstract
The "Pico Instrumentation and Control for Optimal Logging and Operations" (PICOLO) flight computer is an educational avionics package well-suited for stratospheric ballooning. The PICOLO costs approximately $180 and is assembled on a custom printed circuit board. The design can also be implemented on a solderless breadboard. The PCB version of the PICOLO gives students a highly-expandable platform with which to log general flight data, with the possibility of adding additional sensors and actuators to aid in specific projects. PCB implementation aside, users can gain more exposure to coding, system architecture, multi-core computing, and wiring by assembling the PICOLO sensor suite on a solderless breadboard. The PICOLO is designed around the Raspberry Pi Pico W, but can use any of the Raspberry Pi Pico family of microcontrollers. The PICOLO features an Adafruit BNO055 9-DOF IMU (9 degree of freedom inertial measurement unit), a HiLetGo GY-63 MS5611 pressure sensor breakout (which logs temperature, pressure, and can estimate pressure-based altitude), plus a u-blox NEO-M8N GPS breakout (so that data can be stamped with latitude, longitude, and GPS altitude). The PICOLO has on-board power systems that provide 3.7 volts to the Pico and are powered by either by a 3.7-volt Lithium-Ion battery or by any battery with a voltage of 3.7 to 5 volts. For example, the PICOLO can be powered by a 5-volt USB power bank. The PICOLO flight computer also includes a micro-SD card breakout (with which to record data on a micro-SD card for post-flight analysis), two thermistors (wide-range temperature sensors), two indicator LEDs and a 0.96’’ OLED screen (to provide real-time feedback to the user), plus terminal block and/or female header access to many of the remaining pins on the Pico W (for integrating additional sensors and/or actuators). The PICOLO has been flown in student-built payloads on stratospheric balloon flights at the U of MN Twin Cities by freshman seminar students and by our extracurricular ballooning team. It has proved to be a useful teaching tool and a reliable data logger in extreme stratospheric environmental conditions. In addition to the basic sensors, so far PICOLO flight computers have been used to log data from light sensors, humidity sensors, and Geiger counters, as well as to control servo motors and drone propellers.
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Introduction 

The PICOLO flight computer was developed with the goal of creating an inexpensive, reliable, and expandable flight computer to collect data on stratospheric balloon flights. The PICOLO flight computer was successfully able to accomplish this goal and was used as a means of educating students at the University of Minnesota Twin Cities on wiring, coding, and the engineering process in CSE 1012, a stratospheric ballooning course for freshmen, in spring 2025.
The PICOLO is nominally configured to collect data about local atmospheric conditions such as pressure and temperature, as well as data about the vehicle including altitude, latitude, longitude, velocity, and inertial measurement data: “acceleration” about 3 axes (from which tip can be determined) and gyro (rotation) about 3 axes. The PICOLO also allows students to add their own sensors and actuators, to support custom experiments, all while being simple enough for use by students with little-to-no microcontroller programming experience. This way the students can focus on the sensors required for their experiments instead of having to also design a baseline data collection system.
The PICOLO also has multi-core computing capabilities, providing students with a way of gaining exposure to real-time computing. Students have used this expansion capability to log data from light sensors and Geiger counters, as well as to control servo-motors, spinning flywheels, and a drone-propeller thrust-stand.
The PICOLO design can be built on either a custom printed circuit board (PCB) or on a solderless breadboard, with the PCB being lighter and a more robust option for balloon flights thanks to stronger mechanical and electrical connections. The breadboard version can also be used on balloon flights, but requires a lot more care about how the wires and components on the solderless breadboard secured. In the coursework about the flight computer, one assignment was to assemble a PICOLO on a solderless breadboard (even though we did not fly that version). This provided students with hands-on exposure to the wiring of the system. 

Technical Details

2.1. Raspberry Pi Pico W: The brain of the PICOLO is the Raspberry Pi Pico W microcontroller. The Pi Pico W has a RPi 2040 processor that has two cores, with one of the cores having more access to computing resources than the other. It should be noted that the Pico W can be replaced with any of the other Raspberry Pi Pico family of microcontrollers, as they all have the same pinout and the same multicore processing capabilities.
The Raspberry Pi Pico family each has 2 external I2C buses, 2 SPI buses and 2 UART buses. The PICOLO board uses up 1 SPI bus and 1 UART bus, with the rest of its components on one of the I2C buses which is externally accessible, along with the second I2C bus. The second UART and SPI buses are currently disabled, but can be reactivated if needed.

2.2. Power: The PICOLO has 4 ways of being powered. The Pico W has a micro-USB port used for programming which can also be used for providing the PICOLO board with power. The Pico W can also be directly powered with an input of 1.8 to 5.5 volts. This is usually provided using a 3.7V LiPo battery, also powering the rest of the devices on the PICOLO board. The micro-USB port is the most convenient way to power the breadboard variant. The PICOLO PCB also has a 3.7 to 5V battery booster + charger which has a USB C port that can also be used to power the board. Additionally, the board can be provided with 5V power, which gets stepped down to 3.7V before powering the Pico W. Unfortunately, due to faulty wiring, Version 1 of the PICOLO PCB has been found to be quite unreliable when powered using the last two options. All the power options listed will immediately boot up the whole board, so we added external switches for better control.
 
2.3. HiLetGo GY-63 MS5611 Pressure Sensor: All the barometric readings made by the PICOLO come from the MS5611 pressure sensor. This is a simple barometric sensor attached via I2C. It logs temperature (℃, ℉), pressure (Pa, kPa, PSI, ATM), pressure-based altitude estimates (m, ft above sea level) and pressure-based vertical velocity (m/s, ft/s). The pressure-based altitude and velocity are just estimates and the altitude, in particular, tends to be low by around 10% from actual (GPS) altitude at 100,000 ft. The pressure sensor is rated to function -40℃ to 85℃ and from 10 mbar to 1200 mbar. Despite these temperature restrictions, the MS5611 has functioned reliably in stratospheric balloon flights when mounted inside an insulated payload shell.

2.4. Adafruit BNO055 Breakout: This is the IMU (Inertial Measurement Unit) of the PICOLO, also connected via I2C. The BNO055 has an 3-axis accelerometer, 3-axis gyroscope, and 3-axis magnetometer. An Arduino library also provides an easy means of getting orientation data using numerical integration. The IMU accelerometer is rated for ±16g which is usually adequate for all parts of a weather balloon flight.

2.5. SD Logging: The PICOLO logs data to a micro-SD card using an Adafruit SPI/SDIO breakout, which is connected to the Pico via SPI. The PICOLO writes a CSV log file to the micro-SD card in this breakout. The micro-SD card cannot exceed 16GB in size. It should also be noted that the hardware only supports FAT32/FAT16 SD formats, and any others will be undetectable. Logging data in CSV format helps in data processing, as such files can easily be loaded into Excel or Google Sheets. Each time the PICOLO boots up, it creates a unique date file named “PicoloXX.csv” with XX being replaced with an indexing number depending on how many “Picolo” data files are already on the micro-SD card. This way, the PICOLO avoids overwriting old data in the case of a flight computer reboot mid-flight.

2.6. GPS: The PICOLO can use the u-blox NEO-M8N GPS module. This is connected via UART to the Pico. The GPS outputs PVT (position velocity time) information, as well as GGA and NMEA messages. The GGA messages include latitude, longitude, altitude, satellites in view (SIV), time in MM:DD:YYYY and HH:MM:SS.MS, ground speed, heading, position dilution of position (PDOP), North East Down (NED) velocities, and accuracy in both the horizontal and vertical directions. The NMEA messages provide Earth-centered, Earth-fixed (ECEF) GPS coordinates. This GPS functionality is a similar version to that found in the PADL and PTERODACTYL flight computers [1, 2] also developed by our ballooning team.
Although PICOLO’s code does support a SparkFun u-blox NEO M9N, this module cannot be used on the PCB variant due to missing power lines. (This will be remedied in later PICOLO PCB variants.) The M9N GPS module can be used with the breadboard version of the PICOLO.

2.7. Thermistors: The PICOLO is outfitted with two analog 10 kΩ thermistors for measuring the internal and external temperatures respectively. The internal thermistor is attached directly to the PCB while the external thermistor can be attached on a pair of leads such that the thermistor can be mounted on, or dangle from, the exterior of the payload. Both thermistors use a high-precision 10 kΩ comparison resistor and use a resistor divider to calculate the thermistor resistance, which is then used with the Steinhart-Hart equation to calculate temperature.

2.8. Adafruit Monochrome 0.96" 128x64 OLED Graphic Display - STEMMA QT: The PICOLO has an on-board OLED display which is connected to the Pico via I2C. It can be configured to show any text or data that fits in the 21 characters x 8 characters space. By default, this screen is configured to show the status of each sensor during setup, then to show latitude, longitude, altitude (GPS), altitude (pressure-based), satellites in view, data update speed, and readings from both thermistors. The OLED is also used to display error messages.

2.9. LEDs: The PCIOLO comes outfitted with two indicator LEDs, each with their own internal resistor. They are red and yellow in color, with the red one to denote errors and the yellow one to flash once every time data is acquired from all the sensors and logged to the micro-SD card.

2.10. Breakout: The PCB variant of the PICOLO has the unused pins in the Pico W connected to terminal blocks and female headers, to simplify adding additional sensors and/or actuators. Both I2C buses, inputs for 5V and 3.7V power, multiple outputs for 3.3V and 5V, most of the GPIO pins, and all non-GPIO pins on the Pico are attached to terminal blocks, with the rest of the GPIO pins, along with one 3.3V and 5V output, attached to female headers. In practice, the female headers were found to be less reliable, with the possibility of disconnections during rougher parts of a balloon flight. To remedy this, terminal block connections are preferred and female header connections are taped down to prevent any movement of connecting wires.

[bookmark: _Hlk201337174]2.11. Code: The PICOLO uses the Arduino IDE (integrated development environment) for programming, as it offers an easy and convenient way of coding for beginners. In order to upload code onto a Pico, the “Raspberry Pi Pico/RP2040/RP2350” board needs to be added to the Arduino IDE. This can be done from the Arduino Pico GitHub [3].
The PICOLO’s code is split into multiple files, to make the code easier to read and understand. The main PICOLO file assembles one large data string to be logged to a CSV file. Inside setup()is a function call that initializes and sets up all the attached sensors. loop()contains a function that updates all attached sensors, along with the code for assembling the data string and logic for a soft pause, so that the PICOLO logs data no faster than once a second. Each of these functions have locations for adding new sensors and actuators, so students can get an idea of how the back-end works without overwhelming them with the task of coding a data-logger from scratch. 
The main PICOLO file also includes configuration variables, to help easily change between GPS types or to change the polling/logging rate. By default, the PICOLO flight code is set up for a M8N GPS module with a 1 Hz polling rate. 1 Hz was chosen as that provides enough data for a ~3-hour flight, while also keeping the data file size small enough to process easily. This rate limit can be removed to allow the system to run at approximately 5 Hz, which was used by one freshman project for a PID-based yaw-stabilization system with a flywheel.

PICOLO Assembly on a PCB

The PICOLO can be assembled on a PCB using the parts given in Table 1. The PCB files for Version 1 of the board, along with the default flight code, can be found in the PICOLO Google Drive folder. The PCB files can be used to purchase the board from any PCB manufacturer. It is a two-layer board, which we usually order in green, with a thickness of 1.6 mm. The parts given in red italics are required by the PCB version but not required by the solderless breadboard version.


	
	#
	Part
	Price ($)
	Qty in Order
	Amount needed
	Effective price ($)

	1
	Raspberry Pi Pco W
	6
	1
	1
	6

	2
	Battery Voltage Booster
	11.99
	10
	1
	1.199

	3
	SD card reader
	3.5
	1
	1
	3.5

	4
	M8N GPS + antenna
	43.15
	1
	1
	43.15

	5
	PCB
	11.7
	10
	1
	1.17

	6
	Thermistor 10k
	0.32
	1
	2
	0.64

	7
	Resistor 10k
	0.79
	1
	2
	1.58

	8
	BNO055
	34.95
	1
	1
	34.95

	9
	MS5611
	10.99
	1
	1
	10.99

	10
	Adafruit 0.96'' OLED
	17.5
	1
	1
	17.5

	11
	Assorted LEDs (Yellow, Red)
	13.48
	20
	2
	1.348

	12
	3A Schottky diode
	0.73
	1
	1
	0.73

	13
	6 Pin Terminal Block
	5.13
	1
	1
	5.13

	14
	8 Pin Terminal Block
	15.99
	20
	2
	1.599

	15
	2 Pin Terminal Block
	1.03
	1
	2
	2.06

	16
	4 Pin Terminal Block
	1.76
	1
	1
	1.76

	17
	Female header strips
	2.95
	5
	3
	1.77

	18
	Male header strips
	0.63
	1
	3
	1.89

	19
	M2.5 x 0.45 9mm Hex Standoff
	25.29
	50
	15
	7.587

	20
	M2.5 x 0.45 PAN Slotted screws
	7.82
	25
	15
	4.692

	21
	M2.5 x 0.45 Hex Nut
	2.64
	25
	15
	1.584

	22
	3.7V LiPo Battery Pack
	24.5
	1
	1
	24.5

	23
	Battery JST
	0.75
	1
	1
	0.75

	24
	16GB Micro SD
	6.19
	1
	1
	6.19

	Total:
	
	249.78
	
	
	182.269


Table 1: Parts list for PICOLO (PCB version) – parts in red not required, if building the solderless breadboard version of the PICOLO.

Shown in Figures 1, 2, and 3 are pictures of the PICOLO’s PCB version, including a view of the PCB itself, the PCB wiring diagram, and a picture of an assembled board. The top center has the Pico W, with the battery booster and power inputs to its right. Below that is the micro-SD card reader, which is located above the GPS. On the bottom is the MS5611 pressure sensor, to the left of which is the 0.96’’ OLED screen, just below the BNO055 IMU. To the top right is the breakout for the GPIO and both I2C buses. The indicator LEDs are located between the MS5611 and the Pico W. The internal thermistor, along with both high-precision comparison resistors, are covered by the Pico W. A 3 amp diode is covered by the battery voltage booster.
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Figures 2: The PICOLO PCB, as viewed in Fusion 360.
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Figure 2: The wiring of the PICOLO PCB, as seen in Fusion 360 PCB designer.






Figure 3: A fully-assembled PICOLO flight computer.

PICOLO Assembly on a Solderless Breadboard

When the PICOLO is assembled on a solderless breadboard, the parts listed in Table 2 are required, in addition to the parts listed in Table 1. 

	#
	Part
	Price ($)
	Qty in Order
	Amount needed
	Effective price ($)

	1
	Solderless Breadboard 830
	4.95
	1
	1
	4.95

	2
	DKS-WK1 wiring kit
	9.52
	1
	1
	9.52

	3
	Micro USB cable
	1.55
	1
	1
	1.55

	4
	QWIIC JST to male pins cable
	0.95
	1
	1
	0.95

	Total:
	
	16.97
	
	
	16.97


Table 2: Additional parts needed for the solderless breadboard variant of the PICOLO.

One way of wiring the solderless breadboard version of a PICOLO is shown in Figure 4. It should be noted that the OLED screen is connected to the board via a QWIIC-JST-to-male-pins cable. This breadboard version expects to be powered using a micro-USB cable into the Pico.

Figure 4: The PICOLO flight computer, as wired on a solderless breadboard.

Instructional slides for adding I2C sensors to the PICOLO and assembling this solderless breadboard variant can be found on the PICOLO Google Drive folder.

Data Analysis and Results

Multiple PICOLO units have been flown on stratospheric ballooning flights. Due to the code following a similar structure to the PADL flight computer [2], the PICOLO had few issues with data logging. On the PICOLO’s maiden voyage (flight GL231), it performed almost perfectly, with its only shortcoming being a failure to run an attached Geiger counter. Upon investigation, it was found that this was an issue with how the sensor was added to the code, which was then resolved. Geiger counters were flown successfully on GL232 and GL233 using the PICOLO.
Much like the PADL and PTERODACTYL flight computers, the PICOLO’s GPS antenna must be facing upwards during bootup to allow the GPS to lock. After locking, however, the GPS will usually be able form GPS solutions throughout a flight even if the GPS antenna is mounted facing down.
 
Figure 5 shows multiple data plots from PICOLO flight computers on stratospheric flights, including altitude versus time, pressure versus time, internal and external temperature vs time, 3-axis “acceleration” vs time, and latitude vs longitude. These were all data points from a PCB PICOLO, zip-tied onto the side of a payload shell, with its GPS antenna facing into the payload. The PICOLO was powered using a USB battery bank connected to the Pico via a micro-USB cable.




















Figure 5: Graphs of data from GL231A (GopherLaunch 231, Stack A). This is ballooning flight data from the M8N GPS, BNO055 IMU, MS5611 pressure sensor, and the two 10 kΩ thermistors. The graphs were generated using Google sheets. The map shows GPS latitude, longitude, and altitude data visualized in 3D using Google Earth.

Summary
The PICOLO is a flexible flight computer made for stratospheric ballooning that allows students to conduct balloon-borne experiments in “near-space” at relatively low cost. It provides a data log containing sensor readings from a GPS module, two temperature sensors, a pressure sensor, and a 9-DOF inertial measurement unit. It also provides a way to add additional sensors to the board via the Pico W’s pins and editing the systemic code architecture. Assembly of the breadboard version of the PICOLO introduces students to wiring, coding, and the engineering process. Multiple PICOLO flight computer units have been used in stratospheric ballooning flights and in a freshman class, where it proved its ability to successfully accomplish its goals.
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