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1. Introduction  

CubeADCS bundles provide attitude sensing and control capabilities to nanosatellites. These 

units consist of several CubeSpace modules integrated into a compact bundle. The ADCS 

onboard computer (OBC) can also serve as the main satellite OBC if necessary and a 

comprehensive attitude determination and control system ( ADCS) software library can be 

provided with the CubeADCS bundle. 

This document describes the characteristics of the CubeADCS unit as well as the mechanical 

and electrical interfaces to the bundle. CubeADCS units can be configured with different sensor 

and actuators for different mission requirements. This document covers all ADCS 

configurations and readers must use their discretion to determine which parts are relevant to 

their various bundle configurations.  

If the reader has doubt over which parts are relevant, please mail us at info@cubespace.co.za .  
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2. Functional Description  

2.1 System components  

The CubeADCS unit can use combination of magnetometer, coarse sun sensor, fine sun sensor, 

nadir sensor, MEMS rate sensor, and star tracker measurements to estimate the attitude of the 

satellite. Magnetorquers and reaction wheels are used to stabilize and control the satelliteõs 

attitude.  

A CubeADCS unit consists of up to four  integrated PC104-standard PCBs and several 

peripheral components, which are to be mounted separately. A basic diagram of the complete  

CubeADCS solution with all options is shown in Figure 1. 

 

Figure 1 ð System diagram  of the complete CubeADCS solution  

A brief description of the core components of the CubeADCS is given in Table 1. 
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Table 1 ð Modules of the CubeADCS solution  

Module  Description  

CubeControl  

 

CubeControl is an actuator and sensor interface module for 

nanosatellites with advanced attitude control requirements. 

It is capable of controlling 3 magnetorquers and a 

momentum wheel. CubeControl can also interface with 2 

magnetometers, 10 coarse sun sensors, and 3 MEMS rate 

sensors. 

NB: The momentum wheel mounted on CubeContr ol is 

not included in a CubeADCS 3 -Axis bundle, but only in 

Y-Momentum  

CubeSense 

 

CubeSense is an integrated sun and nadir sensor for attitude 

sensing. It makes use of two CMOS cameras ð one dedicated 

to sun sensing and another for horizon detection. The sun 

sensor has a neutral density filter included in the optics. Both 

cameras have a field of view (FOV) of approximately 160°. 

CubeComputer  

 

CubeComputer is a generic CubeSat OBC. It can perform the 

required ADCS functions, as well as the satelliteõs main OBC 

tasks. The module is based on ARM Cortex-M3 architecture 

and also implements error detection and correction (EDAC) 

techniques.  

CubeWheel 

 

CubeWheel is a compact standalone reaction wheel unit for 

nanosatellites. It provides the satellite with the ability to 

achieve 3-axis stability and 3-axis control. Each CubeWheel 

is magnetically shielded and is mountable in 3 axes. Various 

sizes are available to suit every need. 

CubeStar 

 

CubeStar is a compact star tracker for nanosatellites. The 

module is based on ARM Cortex-M3 architecture and has 

significantly low power consumption.  
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2.2 Body axes definition  

The coordinate system definition used by the CubeADCS bundle is shown in Figure 2, whereas 

the orbit coordinate system is shown in Figure 3. The ADCS coordinate system is furthermore 

related to the satellite body coordinate (SBC) system through a transformation matrix. When 

the ADCS is controlling the attitude to zero roll, pitch, and yaw angles, the SBC system will 

coincide with the orbit coordinate system (referred to as the nominal orientation).  

 

Figure 2 ð ADCS coordinate system  

 

Figure 3 ð Orbit coordinate system  

2.3 ADCS control  loop  

The ADCS controllers and estimators, as well as all internal communications inside the ADCS 

bundle, are executed by an Attitude Control Program (ACP) that runs on CubeComputer. This 

program runs a control loop at 1Hz. 

If the ADCS bundle is configured to have the CubeComputer ôunlockedõ to run flight software 

and serve as main OBC, the ôADCS updateõ function in the ADCS software library must always 

be executed with the highest priority  every 1s. 
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3. Electrical Interface  

3.1 PC104 interface  

The CubeADCS unit makes use of the standard PC104 header for electrical interfacing. The pin 

description of the PC104 bus is shown in Figure 4, as used by the CubeADCS 3-Axis unit. 

 

Figure 4 ð PC104 bus pin description  
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3.2 Power  

3.2.1 Power supply 

The ADCS should be supplied with 3.3 V, 5 V, and the raw battery voltage, Vbattery. The 3.3 V 

and 5 V buses must be supplied by one of H1-48, 50, 52 or H2-27, 28 (3.3 V) and one of H1-

47, 49, 51 or H2-25, 26 (5 V) ð depending on selection made by user in the Option Sheet . 

The 3.3 V and the 5 V supply must be switched on within 10ms of each other. 

The ADCS has internal power switches for the various individual components (CubeSense, 

CubeControl, CubeStar, and the CubeWheels), all of which are controlled by CubeComputer. 

The switch states are available as telemetry (TLM) and can also be toggled  using a 

telecommand (TC). 

If CubeComputer is used as the satelliteõs main OBC (alongside its function as ADCS OBC) it 

must be supplied with 3.3 V on H2-27, 28 (the òalways onó 3.3 V). 

Currents and voltages are measured at various points on the CubeADCS unit  and the 

measurements can be obtained using TLM requests. The ADCS will also use these 

measurements to switch off components in case of a latch-up. 

The battery bus (pins H2-45 and H2-46) supplies power to the CubeWheels and the 

magnetometer boom deployment  circuitry. 

3.2.2 Battery bus voltage 

The CubeWheels have a turn-on threshold of 6.5 V, but lower voltages are tolerated without 

damage to the units . The maximum tested bus voltage is 16.0 V. 

3.3 Communication  

3.3.1 I2C 

The CubeADCS unit can communicate with other satellite subsystems using the System I2C on 

the PC104 bus (H1-41, 43). If CubeComputer is the main OBC of the satellite, it will act as a 

master on the system I2C bus. Alternatively, it will act as a slave on the system I2C bus if it is 

only acting as ADCS OBC, responding to commands and telemetry requests (as detailed in the 

CubeADCS User Manual). CubeComputer can be populated with or without pull -up resistors 

on the system I2C bus. 

3.3.2 UART 

The CubeADCS bundle has two UART channels (on CubeComputer), designated UART 1 and 

UART 2, which can be used to interface with the bundle. Both channels can be connected to 

the PC104 header and UART 2 is also accessible from the piggyback header on CubeComputer. 
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CubeSpace provides PC testing software called CubeSupport. CubeSupport with 

CubeComputer via UART 1, which is also accessible via a 3-way 2.54 mm pitch square post 

female header. A UART-to-USB cable is supplied with each CubeADCS unit, which enables the 

user to connect the unit with a PC. 

3.3.3 CAN 

The optional CAN interface on CubeComputer is only available on the main PC104 header (H1-

1, 3). The combination of a CAN transceiver and a CAN controller module on CubeComputer 

allows CubeADCS unit to interface at CAN bus voltage levels of 3.3 V or 5 V. A termination 

resistor between the CANH and CANL lines can be populated if required by the user or be 

configured at order . 

3.4 Logging  

The CubeADCS bundle has the ability to log data automatically and save it to the SD memory 

card on CubeComputer. CubeComputer is supplied with an industrial grade 1 GB SD card. For 

more detail regarding the logging, please consult the CubeADCS User Manual. 

3.5 Peripheral components  

As shown in Figure 1, the magnetometers and coarse sun sensors interface with CubeControl 

via wired connections. The three CubeWheels and CubeStar interface with CubeComputer via 

the CubeConnect interface board in the standard configuration. All of the connections above 

are polarised for ease of use and the harness lengths are all configurable.  
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4. Mechanical Interface  

4.1 PC104 component stack  

Most CubeSpace components make use of the standard òself-stackingó PC104 CubeSat 

mechanical interface. The dimensions of the stacked components and mounting locations are 

shown in Figure 5. The CubeADCS stack includes spacers to support the inter-PCB spacing. 

 

Figure 5 ð Dimensions of the PC104 stack of the CubeADCS unit  
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4.2 Reaction wheels  

The mounting of the three CubeWheel reaction wheels will depend on the size of the 

CubeWheels. In the case of Small CubeWheels, the wheels can be (1) mounted on 

CubeConnect and integrated in the main PC104 stack, (2) mounted on CubeConnect and 

supplied on a separate PC104 stack, or (3) supplied loose, i.e. the user must mount the wheels. 

4.2.1 Small CubeWheel 

The Small CubeWheel unit has two sets of four M2 mounting holes on two different facets, as 

illustrated in Figure 6. The outer dimensions of the Small CubeWheel are 28 mm x 28 mm x 

26.1 mm. Note that an additional 1.5 mm is required on one side of the CubeWheel for internal 

harnesses. The M2 mounting holes are fitted with A2 (304) stainless steel heli-coils to provide 

a stronger and more durable thread. 

 

Figure 6 ð Small CubeWheel mechanical interface  
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4.2.2 Medium CubeWheel 

The Medium CubeWheel unit has two sets of four M3 mounting holes on two different facets, 

as illustrated in Figure 7. The outer dimensions of the Medium CubeWheel are 46 mm x 46 

mm x 31.5 mm. Note that an additional 1.5 mm is required on one side of the CubeWheel for 

internal harnesses. The M3 mounting hole s are fitted with A2 (304) stainless steel heli-coils to 

provide a stronger and more durable thread . 

 

Figure 7 ð Medium CubeWheel mechanical interface  
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4.2.3 Large CubeWheel 

The Large CubeWheel unit has two sets of four M3 mounting holes on two different facets, as 

illustrated in Figure 8. The outer dimensions of the Large CubeWheel are 57 mm x 57 mm x 

31.5 mm. Note that an additional 1.5 mm is required on one side of the CubeWheel for internal 

harnesses. The M3 mounting holes are fitted with A2 (304) stainless steel heli-coils to provide 

a stronger and more durable thread. 

 

Figure 8 ð Large CubeWheel mechanical interface  

  


















































