
iSense Solar Power Harvesting System User Guide 

coalesenses 
research to innovate 

Coalesenses GmbH     Maria-Goeppert-Str. 1     23562 Lübeck     Germany www.coalesenses.com     sales@coalesenses.com 



 

 

 

  2 / 40 

iSense Solar Power Harvesting System User Guide  

coalesenses 
research to innovate 

Document history 
 

Version Date Changes 

1.0 22.05.2009 Initial version 

1.1 25.05.2009 Adaptations to the Demo Application V 1.1 

1.2 21.6.2009 Updated instructions regarding the installation of the PIR sensor mounting 
facility. 

1.3 31.07.2009 Added section on hibernation 

 



 

 

 

  3 / 40 

iSense Solar Power Harvesting System User Guide  

coalesenses 
research to innovate 

 

Contents 
1. About this User Guide .................................................................................................................... 4 

2. General Description ........................................................................................................................ 5 

2.1. Handling and Security Instructions .......................................................................................... 5 

2.2. iSense Power Management Module ......................................................................................... 7 

2.3. Solar Power Housing ............................................................................................................... 9 

2.4. Using the PIR Sensor Mounting Facility ............................................................................... 10 

2.5. Mounting Considerations ....................................................................................................... 11 

2.6. Manual Charging ................................................................................................................... 11 

2.7. Application Requirements...................................................................................................... 12 

3. API Description ............................................................................................................................ 14 

3.1. Constructor ............................................................................................................................. 14 

3.2. battery_state ........................................................................................................................... 14 

3.3. set_battery_charge ................................................................................................................. 15 

3.4. set_chip_enable ...................................................................................................................... 16 

3.5. read_state ............................................................................................................................... 16 

3.6. valid........................................................................................................................................ 17 

3.7. external_power_available ...................................................................................................... 18 

3.8. solar_power_available ........................................................................................................... 18 

3.9. precharging ............................................................................................................................ 19 

3.10. charging ............................................................................................................................ 19 

3.11. charge_done ...................................................................................................................... 20 

3.12. charge_suspend ................................................................................................................. 20 

3.13. set_charge_corridor .......................................................................................................... 21 

3.14. charge_corridor ................................................................................................................. 21 

3.15. control ............................................................................................................................... 22 

3.16. estimate_charge ................................................................................................................ 23 

4. Solar Module Demo Application .................................................................................................. 24 

4.1. Obtaining the Solar Module Demo Application .................................................................... 24 

4.2. Compiling the Solar Module Demo Application ................................................................... 24 

4.2.1. Using Eclipse ............................................................................................................... 24 

4.2.2. Using the Command Line ............................................................................................ 27 

4.3. Solar Module Demo Application functionality ...................................................................... 29 

4.4. Flashing and Running the Solar Module Demo Application ................................................. 36 

5. References .................................................................................................................................... 39 



 

 

 

  4 / 40 

iSense Solar Power Harvesting System User Guide  

coalesenses 
research to innovate 

1. About this User Guide 
In this user guide, 

·  files and folders are represented in the Arial typeface, 

·  code fragments, function names etc. are represented in the Courier New  typeface, 

·  GUI elements such as button descriptions etc. are represented in “quotation marks”, 

·  titles of other documents are presented in Italic type. 

This manual assumes that the reader has successfully installed the iSense development environment, 
and obtained the iSense standard firmware. For further information on theses steps, consult the 
Development Environment Setup User Guide [1]. 

In addition, it is assumed that the user is familiar with the use of iShell. For further information on 
iShell, consult the iShell User Guide [2]. 

For further information on iSense firmware programming concepts and on application development, it 
is recommended to read the Writing iSense Applications User Guide [3]. 
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2. General Description 
The iSense Solar Power System is an out-of-the-box solution for running self-powered wireless sensor 
networks. By harvesting solar energy and storing it in a rechargeable battery, it allows operating 
sensor nodes all-time autonomously. 

 

 

 

The iSense Solar Power System consists of a solar panel, an ultra-high capacity lithium ion 
rechargeable battery, a power management module and a sensor node housing. 

Combined with an iSense Core Module and iSense Sensor Modules, self-powered sensor nodes for 
years of autonomous operation can be plugged together. 

2.1. Handling and Security Instructions 
Note that all iSense Modules are sensitive to electro-static discharge. Appropriate protection measures 
have to be taken. 

If not protected by an appropriate housing, all iSense components must be protected from humidity, 
mechanical impact, and short circuiting by contact with conductive materials. 
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Note that all cable plugs and headers are designed to be extremely compact, and are not intended for 
frequent plugging and unplugging. Never pull the cables to remove the plugs from the corresponding 
modules, always pull the plug itself. If required, use an appropriate tool (or the pulling cord if 
available). Even though all plugs/headers are coded, be sure to pay attention to the proper orientation. 
Never apply force. Never use cables if their insulation is damaged. 

Note that iSense modules are not intended for hot-plugging, (dis-)connecting modules from or to other 
modules in operation can result in a reset of the Core Module and other undesired effects. 

All delivered components are intended for use in research application. For using these components 
within other application domains, consult coalesenses prior to use. 

Coalesenses products are not intended for use in life support systems, appliances or systems where 
malfunction of these products can reasonably be expected to result in personal injury, death or severe 
property or environmental damage. Coalesenses customers using or selling these products for use in 
such applications do so at their own risk and agree to fully indemnify coalesenses for any damages 
resulting from such use. 

Do not connect components or devices to any iSense component that are not manufactured or 
distributed by coalesenses without prior consultation of coalesenses. Note that doing so will void the 
warranty and the declaration of CE conformity regardless of consultation. Coalesenses customers 
connecting third party devices do so at their own risk and agree to fully indemnify coalesenses for any 
damages or injury resulting from such use. 

Always use the buckler to protect the jack plug from dust and dirt. 

Never plug the phone jack wall mount adapter into the jack plug when there might be moisture or dirt 
inside of the jack plug. Dry and clean it before plugging the wall mount adapter. 

When plugging the phone jack wall mount adapter into the jack plug, be sure that it is configured to 
5V negative tip output. 

When opening the housing lid with an integrated PIR sensor, be careful not to impose mechanical 
stress on its cable and plug. 

Never connect the rechargeable battery to anything else than the iSense Solar Power Management 
Module. 

Never disassemble the battery pack and cell. If disassembled cell, generated gas may irritate throats 
and the negative electrode plates may be heated and ignited. If disassembling the battery pack, safety 
protection circuit may cause breaking and not operated safety system for charge and discharge. This 
may cause heating, igniting and breaking of cell. 

Never throw the battery pack into fire. If the battery pack is thrown into the fire, the battery pack may 
be ignited or broken. 

Never throw the battery pack into water, and protect it from moisture. If thrown into water, the safety 
protection circuit be irreversibly damages. Moisture ay cause heating, igniting and breaking. Oxygen 
and hydrogen may be generated by electrolysis of water, and the sealing part may be corroded and 
leaking may occur. Never use the battery after it was exposed to moisture. 

Do not store or operate the battery at high temperatures. 

Do not externally short-circuit the battery pack. If externally short-circuited, the battery pack may be 
heated, ignited or broken. 

Do not mount in close structures. Combustibles released from cells in operating the safety mechanism 
may take fire by sparks generated by the motor, switches, etc. Take notice to immediately release 
combustibles from the units. 

If the battery pack is deformed by applying pressure, etc., the sealing part may be deformed, causing 
leakage or internal short circuit may cause heating, igniting or breaking.  
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Protect the battery pact from mechanical impact, do not store or carry it together with materials which 
have sharp edges or is electrical conductive in the same custody. 

Be sure not to discharge the lithium ion battery below 3.0V. In case of such exhaustive discharge, do 
not use the battery any more. Contact coalesenses for handling instructions.   

Be aware that the solar panel is made of glass and is hence sensitive to shock and mechanical impact.  

The solar panel has sharp edges. Be sure to handle the panel with care. If mounting the solar panel in 
locations where people can collide with it, be sure to take actions to prevent injuries.  

Be aware that the solar panel can reach temperatures of 70°C and more when exposed to direct sun 
light. 

Be aware that parts of the Solar Power Management Module may become hot when charging. 

2.2. iSense Power Management Module 
The power management module distributes the power provided by the solar panel in an intelligent 
way. If the panel can deliver more power than the sensor node requires, it charges the lithium ion 
battery (a). Otherwise, it reduces the battery drainage by partially supplying the node with the solar 
power (b). When power is supplied to the connected iSense Core Module via USB or a wall mount 
adapter, the battery is automatically charged (c).  

 

 

 

The iSense Power Management Module does not only control current flows, additionally an integrated 
battery monitor maintains information on the energy currently stored in the battery, accumulating both 
charging and discharging cycles, as well as information regarding the battery voltage, the current 
consumption and temperature. 

Because the battery charge information is maintained by accumulating positive (into the battery) as 
well as negative current flows (out of the battery), the initial value must be set once to obtain correct 
values. Once set, the battery monitor maintains (and even accumulates) the correct values even if no 
sensor node is connected to the Power Management Module. The value is lost only if the battery is 
disconnected from the Power Management Module. 
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The above depiction shows the typical interrelation between the battery voltage and the battery charge 
(black curve). For estimating the battery charge from its voltage, an approximation (red curve) can be 
used. This approximation is implemented in the SolarModule  API (see Section 3.16). 

 

 

The above figure shows the bottom side of the iSense Solar Power Management Module, the below 
table lists its connectors. 

Symbol Description 

X1 Solar panel cable connector 

X2 Li-Ion rechargeable battery connector 

X3 Sensor node power cable connector 
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2.3. Solar Power Housing 
For transportation safety, the iSense Solar Power Harvesting System is not mounted completely when 
shipped. 

Loosen the four lid screws, open the lid of the housing and remove the crumpled paper. Tighten the 
cable gland fixing nut (A).  

To mount addition iSense Modules in the housing, remove the M2 mounting bolt screw nuts (B). We 
recommend using a hex nut screw driver such as the Wiha PicoFinish 265P. Remove all but one 8 mm 
spacer per mounting bolt, and mount the module. Then use another spacer, mount the next module and 
so on. 

If you are using the iSense Core Module with an integrated ceramic antenna (CM10C), you can mount 
the modules in an arbitrary order. In case you are using the iSense Core Module with an SMA 
connector (CM10S), you have to mount all be one module below the Core Module. 

When you are mounting an iSense Core Module, plug the wall mount cable header (C) into connector 
X4 of the Core Module and plug the sensor node power cable (D) into connector X3 of the Core 
Module. Even thought the connectors are coded, be sure to pay attention to the polarity of the 
connectors, do not apply force.  

It is strongly recommended that the Core Module is flashed with an application that supports wireless 
programming (prior to mounting) as it is difficult to connect a Gateway Module for wired 
programming when the stack is completely installed in the solar housing. Be sure that applications 
flashed to the sensor node that is used within the Solar Power Harvesting System meets the 
requirements described in Sections 2.1 and 2.7. 

Make sure that the ferrit bead (E) does not get stuck between the modules. 

 

 

 

When all modules are mounted inside the housing, fasten the M2 nuts (B) again. Be sure that the 
mounted iSense Core module is switched on. For information on switching on the Core Module, 
consult the iSense Core Module User Guide [4].  

Close the lid, and fasten the four screws at the lid corners. 
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Then, remove the 4 nuts and spring lock washers from the bottom of the housing.  

 

      

 

Run the cable tie through the center two holes in the housing mounting area of the wall holder. Attach 
the housing to the wall holder, remount the spring lock washers and the nuts, and secure the solar 
panel cable with the cable tie. 

 

      

 

The iSense Solar Power Harvesting System is now completely mounted. 

2.4. Using the PIR Sensor Mounting Facility 
An M25 cable gland is used for mounting the PIR sensor. Disassemble the cable glant, and position 
the sealing ring on the PIR sensor as depicted below. 
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Reinsert the sealing ring into the gland pipe, and remount the fixing nut: Tighten nut by hand until the 
nut latches the first time. Then, tighten the nut by 1/3 turn (120°) with a 30mm spanner. 

 

            

 

Finally, remove the blind gland from the solar housing lid (if you are lacking the proper screw driver, 
you can use a 1 or 2 Cent coin), and mount the cable gland with the assembled PIR sensor in the lid 
using the locknut that formerly fixed the blind gland. Be sure to fasten the cable gland tightly with a 
30mm spanner. 

2.5. Mounting Considerations 
The iSense Solar Power Harvesting System is intended for outdoor use. For best performance, the 
solar panel should be directed towards south. 

2.6. Manual Charging  
In case that the solar panel does not deliver enough energy, the battery can be charged manually. 
Manual charging can be done in two ways: 

1. Connect an iSense Gateway Module with an USB cable to a running PC. Then, open the 
housing lid, and connect the Gateway Module to the iSense sensor node in the housing. Note 
that connecting the Gateway Module might result in a reset of the sensor node. 
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2. Connect the iSense Phone Jack Wall Mount Adapter (order code: WMA10PJ) to the external 
charge connector of the solar housing. Note that this requires that the wall mount cable header 
is connected to the Core Module as described in Section 2.3. 

 

 

 

During manual charge, the battery monitor works as if the battery was charged from solar power. Once 
initially set, it keeps track of the energy in the battery precisely.   

2.7. Application Requirements 
 

   

 Warning! 

To prevent exhaustive discharge of the battery, applications running on sensor nodes that 
make use of the Solar Power Harvesting System must instantiate the SolarModule  class 
in their boot()  method. Please refer to Sections 3 and 4 for information on how to use 
the SolarModule  class.  

When instantiated in boot() , the SolarModule  software will prevent exhaustive 
discharge by entering the so called hibernation when the battery voltage becomes low (if 
the “Hibernation” feature is enabled in the firmware, see [1] for information on how to 
customize firmware distributions), and shutting down the sensor node in case of too low 
battery voltage, as well as in cases where frequent communication with the iSense Solar 
Power Management Module fails. 

Please refer to the iShell User Guide [2] for information on how to wake up hibernating 
devices. 

Be sure to use a firmware revision newer than 3315. 
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For optimal operation, the iSense Solar Power Management Module requires repeated invocation of a 
control cycle. This must be done by calling the SolarModule::control()  frequently.  

The control cycle reads out the battery monitor, and configures the iSense Power Management Module 
for optimal performance. To obtain the required information, the control cycle needs to measure the 
energy flow into battery using the battery monitor when the connected sensor node is sleeping. 

However, due to its ultra low power design and extremely high sensitivity, the battery monitor exhibits 
an integration time of 3.5 seconds, i.e. each measurement of the consumed energy is done over a 
period of 3.5 seconds. As the start and end of the integration cycle are unknown, for optimal 
performance the sensor node should be sleeping for an uninterrupted interval of at least 7.0 seconds. 
Then, the control cycle should be invoked directly after wakeup. It is recommended that the control 
cycle should be invoked at least once every 30 minutes. 
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3.  API Description 
The SolarModule  class in the isense  namespace contains all software functionality for operating 
the iSense Solar Power Management Module, including 

·  reading out the battery state, 

·  controlling the settings of the power management, 

·  estimating the battery charge from its voltage. 

The SolarModule  class is defined in src/isense/modules/solar_module/solar_module.h in the 
iSense directory. 

The iSense firmware is structured into a large number of software modules that can be (de-)activated 
separately. The below API description for each function specifies the required modules that must be 
activated to use the functions, and names both the web compilation module name as well as the 
according code define. An asterisk (*) indicates that the respective module is activated in the iSense 
standard firmware. 

The API description also indicates the make targets for which the different functions are available. 

3.1. Constructor 

SolarModule::SolarModule(Os& os); 

Description: 

Initializes the SolarModule  class. Registers as a periodic (hourly) task for exhaustive 
discharge prevention. In case the voltage is below 3.05V, or the reading of the battery state 
failes, the sensor node is shut down. 

Parameters: 

os  Reference to the operating system class Os 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.2. battery_state 

BatteryState SolarModule::battery_state(); 

Description: 

Reads out the battery state information from the battery monitor 

Parameters: 

none 

Returns: 
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A BatteryState  structure that represents the battery state at the end of the battery monitor’s 
the last integration cycle. The BatteryState  structure is defined in 
iSense/src/isense/modules/energy_module/energy_module.h. 

 

 

 

 

 

voltage  Battery voltage, given in millivolt (mV). 

temp  Temperature (in the housing), given degree Celsius (°C). 

current  Current flown into (positive sign) or out of (negative sign) the battery, given in 
microampere (� A). Note that this is the net current flow, i.e. the charge current of the 
solar panel reduced by the sensor nodes current consumption. Hence, the 
battery_state  function should be called after the node slept for at least 7 
seconds without interruption, because the node’s current consumption can be 
approximated to 0 then. 

charge  Battery charge, given in microampere hours (� Ah). 

Note: 

Because this function potentially accesses the battery monitor using the I2C bus, this operation 
takes about 1 ms. Do not call this function from the interrupt context. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.3. set_battery_charge 

bool SolarModule::set_battery_charge( uint32 uAh );  

Description: 

Sets the battery charge in the battery monitor. 

Parameters: 

uAh the new battery charge, given in microampere hours (� Ah). 

Returns: 

true  if the new battery charge was set successfully, false  otherwise. 

Note: 

Because this function accesses the battery monitor using the I2C bus, this operation takes about 
1 ms. Do not call this function from the interrupt context. 

Required modules: 

typedef  struct  
{ 
 uint16 voltage; 
 int16 temp; 
 int32 current; 
 uint32 charge; 
} BatteryState; 
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Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.4. set_chip_enable 

bool SolarModule::set_chip_enable( bool enable ); 

Description: 

Enables or disables the power management on the iSense Solar Power Module. Disabling the 
chip prevents battery charging, but has no influence on the battery monitor. 

Parameters: 

enable  true  to enable the power management, false  otherwise 

Returns: 

true  if the power management was enabled/disabled successfully, false  otherwise. 

Note: 

Because this function Power Management Module using the I2C bus, this operation takes about 
1 ms. Do not call this function from the interrupt context  

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.5. read_state 

uint8 SolarModule::read_state(); 

Description: 

Reads out the state of the iSense Solar Power Management Module 

Parameters: 

none 

Returns: 

8-bit field representing the state. 

msb       lsb 

CE RR RR SP EP V CS CS 

CE  chip enable: this bit is set if the power management chip is enabled 
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RR reserved 

SP solar power: set if the solar panel currently delivers energy 

EP external power: set if an external power source (iSense Gateway Module with connected 
USB cable or wall mount adapter) is available 

V valid: true if the state returned is valid 

CS charge state 00:  pre-charge: battery is charged slowly due to low battery fill state 

01:  charge: battery is charged 

10: done: battery is full 

11: suspend: charging suspended, because either the charger is 
overheated, the power management was disabled, or no charging 
source is available 

Note: 

Because this function Power Management Module using the I2C bus, this operation takes about 
1 ms. Do not call this function from the interrupt context  

Usually, it should not be required to use this function externally; it is used by the control cycle. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.6. valid 

bool valid(uint8 state); 

Description: 

Determines whether a previously read state (as described in Section 3.5) is valid. 

Parameters: 

state  state of the iSense Solar Power Management Module 

Returns: 

true  if the state is valid, false  otherwise. 

Note: 

This method is actually just a preprocessor directive; it is a shortcut to evaluating the 8-bit state 
field described in Section 3.5. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 
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3.7. external_power_available 

bool external_power_available(uint8 state); 

Description: 

Determines whether a previously read state (as described in Section 3.5) indicates that external 
power is available, i.e. a wall mount adapter or an iSense Gateway Module is connected to the 
sensor node. 

Parameters: 

state  state of the iSense Solar Power Management Module 

Returns: 

true  if external power is available, false  otherwise. 

Note: 

This method is actually just a preprocessor directive; it is a shortcut to evaluating the 8-bit state 
field described in Section 3.5. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.8. solar_power_available 

bool solar_power_available(uint8 state); 

Description: 

Determines whether a previously read state (as described in Section 3.5) indicates that solar 
power is available, i.e. the solar cell currently delivers energy. 

Parameters: 

state  state of the iSense Solar Power Management Module 

Returns: 

true  if solar power is available, false  otherwise. 

Note: 

This method is actually just a preprocessor directive; it is a shortcut to evaluating the 8-bit state 
field described in Section 3.5. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 
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3.9. precharging 

bool precharging(uint8 state); 

Description: 

Determines whether a previously read state (as described in Section 3.5) indicates that the 
battery is currently pre-charged. 

Parameters: 

state  state of the iSense Solar Power Management Module 

Returns: 

true  if the battery is currently pre-charged, false  otherwise. 

Note: 

This method is actually just a preprocessor directive; it is a shortcut to evaluating the 8-bit state 
field described in Section 3.5. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.10. charging 

bool charging(uint8 state); 

Description: 

Determines whether a previously read state (as described in Section 3.5) indicates that the 
battery is currently charged. 

Parameters: 

state  state of the iSense Solar Power Management Module 

Returns: 

true  if the battery is currently charged, false  otherwise. 

Note: 

This method is actually just a preprocessor directive; it is a shortcut to evaluating the 8-bit state 
field described in Section 3.5. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 
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3.11. charge_done 

bool charge_done(uint8 state); 

Description: 

Determines whether a previously read state (as described in Section 3.5) indicates that the 
battery is full. 

Parameters: 

state  state of the iSense Solar Power Management Module 

Returns: 

true  if the battery is full, false  otherwise. 

Note: 

This method is actually just a preprocessor directive; it is a shortcut to evaluating the 8-bit state 
field described in Section 3.5. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.12. charge_suspend 

bool charge_suspend(uint8 state); 

Description: 

Determines whether a previously read state (as described in Section 3.5) indicates that the 
charge process is suspended because either no energy supply is available, the power 
management is disabled, or the charger is overheated. 

Parameters: 

state  state of the iSense Solar Power Management Module 

Returns: 

true  if the charge process is suspended, false  otherwise. 

Note: 

This method is actually just a preprocessor directive; it is a shortcut to evaluating the 8-bit state 
field described in Section 3.5. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 
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3.13. set_charge_corridor 

bool SolarModule::set_charge_corridor( uint8 corrid or ); 

Description: 

Sets the constant voltage charge current corridor. 

Parameters: 

corridor  0: 1-10mA 

   1: 7.2-72mA 

   2: 37-370mA 

   3: 42-420mA 

Values larger than three are truncated to 3. 

Returns: 

true  if the chip was enabled/disabled successfully, false  otherwise. 

Note: 

Because this function Power Management Module using the I2C bus, this operation takes about 
1 ms. Do not call this function from the interrupt context  

The charge current corridor is only adhered to if the charge process is in the constant voltage 
charge phase (i.e. approximately during the last 10% of the charging process).  

Usually, it should not be required to use this function externally; it is used by the control cycle. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.14. charge_corridor 

uint8 SolarModule::set_charge_corridor(); 

Description: 

Returns the currently set charge corridor. 

Parameters: 

none. 

Returns: 

0: 1-10mA 

1: 7.2-72mA 
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2: 37-370mA 

3: 42-420mA 

Note: 

Because this function Power Management Module using the I2C bus, this operation takes about 
1 ms. Do not call this function from the interrupt context. 

Usually, it should not be required to use this function externally; it is used by the control cycle. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.15. control 

BatteryState SolarModule::control(); 

Description: 

Invokes a Solar Power Mamanagement Module control cycle. Reads out the battery state from 
the battery monitor and the power management information, and controls the settings of the 
power management. 

Parameters: 

none 

Returns: 

A BatteryState  structure that represents the battery state at the end of the battery monitor’s 
the last integration cycle. The BatteryState  structure is defined in 
iSense/src/isense/modules/energy_module/energy_module.h. 

 

 

 

 

 

voltage  Battery voltage, given in millivolt (mV). 

temp  Temperature (in the housing), given degree Celsius (°C). 

current  Current flown into (positive sign) or out of (negative sign) the battery, given in 
microampere (� A). Note that this is the net current flow, i.e. the charge current of the 
solar panel reduced by the sensor nodes current consumption. Hence, the 
battery_state  function should be called after the node slept for at least 7 
seconds without interruption, because the node’s current consumption can be 
approximated to 0 then. 

charge  Battery charge, given in microampere hours (� Ah). 

typedef  struct  
{ 
 uint16 voltage; 
 int16 temp; 
 int32 current; 
 uint32 charge; 
} BatteryState; 
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Note: 

Because this function Power Management Module using the I2C bus, this operation takes about 
1 ms. Do not call this function from the interrupt context. 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 

3.16. estimate_charge 

uint32 SolarModule::estimate_charge( uint16 voltage ); 

Description: 

Estimates the battery charge from the give voltage. This function is an implementation of the 
approximate relation between the battery charge and its voltage depicted in Section 2.2. 

Parameters: 

voltage  battery voltage, given in millivolts (mV). 

Returns: 

Estimated battery charge, given in microamprere hours (� Ah). 

Required modules: 

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE 

Available for the targets: 

JN5139R, JN5139R1 
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4. Solar Module Demo Application 
The Solar Module demo application exemplifies how an application can make use of the 
SolarModule  API. It shows how to  

·  estimate the initial battery charge from the battery voltage, 

·  invoke the control cycle and obtain battery information 

·  set the duty cycle of the node. 

4.1. Obtaining the Solar Module Demo Application 
Go to coalesenses web site, click on “Downloads”, and then on “iSense Hardware”. In the “Solar 
Module” section, click on the icon at the right in the “Solar Module Demo Application” row, and 
download SolarModuleDemoApplication.zip. 

Extract the content of SolarModuleDemoApplication.zip to the iApps directory. 

4.2. Compiling the Solar Module Demo Application 
The next step is compiling the Solar Module Demo Application. 

4.2.1. Using Eclipse 

If you want to use Eclipse for compiling the Solar Module Demo Application, open Eclipse, and 
change to the “C++” perspective.  

 

 

 

You can now import the application into Eclipse. Choose “File” �  “Import” from the menu bar to 
open the “Import” dialog. 
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Choose “Existing projects into workspace”, and click on “Next”. 

 

 

 

Click on the “Browse…”, and select the directory of the Solar Module demo application, i.e. 
SolarModuleDemoApplication in the iApps directory.  
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After doing do, the “SolarModuleDemoApplication” project should appear in the projects list of the 
“Import” dialog.  

 

 

 

If it doesn’t, the typical reason is that there is already a project called “SolarModuleDemoApplication” 
in Eclipse, i.e. 

·  you imported the SolarModuleDemoApplication before or 

·  you created or imported a project with the same name before. 

Be sure not to check “Copy projects into workspace” in the above dialog. Finish the import by clicking 
on the “Finish” button. 

As a result, you will find the “SolarModuleDemoApplication” project in the “Project Explorer”. 
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In addition, the “SolarModuleDemoApplication” will appear in the “Make Targets” view. Double 
click on “all” to build the demo application for all targets. 

 

 

 

As a result, the “Console” view displays the compiler output during the build process. After that, it 
should look similar to the output depicted below. 

 

 

 

4.2.2. Using the Command Line 

If you want to use the command line tools for building the Solar Module Demo Application, open a 
console window, change to the SolarModuleDemoApplication directory in your iApps directory, 
and type “make”. 
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After the build finished, the console output should look similar as shown above. 
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4.3. Solar Module Demo Application functionality 
The source file of the Solar Module demo application is located at 
SolarModuleDemoApplication/src/SolarModuleDemoApplication.cpp. The class 
SolarModuleApplication  is derived from isense::Application , and additionally 
inherits from isense::Task . 

 

 
class  SolarModuleDemoApplication  : 
 public  Application, 
 public  Task 
{ 
 public : 
  // constructor  
  SolarModuleDemoApplication ( Os &os); 
 
  // inherited from application, called upon device b oot  
  void  boot (); 
 
  // inherited from Task, called when  
  // a task is due  
  virtual  void  execute ( void * userdata ); 
 
 private : 
  // pointer to the accelerometer  
  SolarModule * sm_; 
  // duty cycle of the sensor node in tenth of a perc ent  
  // e.g. duty_cycle == 150 --> 15%  
  uint16  duty_cycle_ ; 
  // pointer to CoreModule  
  CoreModule * cm_; 
}; 
 

 

SolarModuleDemoApplication  has three member variables that are initialized in the 
constructor. sm_ holds the pointer to the SolarModule  instance, duty_cycle_  indicates the the 
currently set duty cycle of the sensor node (which is initialized to 50%) and cm_ holds the pointer to 
the CoreModule  instance.  

 

 
SolarModuleDemoApplication::  
SolarModuleDemoApplication ( Os &_os) : 
 Application(_os), 
 sm_( NULL), 
 duty_cycle_(500), 
 cm_(NULL) 
{ 
} 
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SolarModuleDemoApplication  overwrites isense::Application::boot() , which is 
called upon the start up of the iSense sensor node. 

 

 
void  
SolarModuleDemoApplication::  
boot  () 
{ 
 // set logging the go out via Gateway Module  
 // AND the radio (can be picked up by iSerAerial no des)  
 os ().set_log_mode( ISENSE_LOG_MODE_UART0 | ISENSE_LOG_MODE_RADIO); 
 
 // output boot notification message  
 os ().debug( "Booting Solar Module Demo Application, id=%x" ,  
          os ().id()); 
 
 // create CoreModule instance  
 cm_ = new CoreModule ( os ()); 
 // create SolarModule instance  
 sm_ = new SolarModule ( os ()); 
 
 // if allocation of Core/SolarModule was successful  
 if  (( sm_!= NULL) && ( sm_!= NULL)) 
 { 
  // read out the battery state  
  BatteryState  bs = sm_->battery_state(); 
  // estimate battery charge from the battery voltage  
  uint32  charge = sm_->estimate_charge(bs.voltage); 
  //set the estimated battery charge  
  sm_->set_battery_charge(charge); 
  //output voltage and estimated charge  
  os ().debug( "Set estimated charge of %d uAh, voltage is %d mV" , 
         charge, bs.voltage); 
  //start periodic waking and sleeping in 30 secs  
  os ().add_task_in(Time(30,0), this , ( void *)TASK_WAKE); 
 } else  
  os ().fatal( "Could not allocate Core/SolarModule" ); 
} 
 

 

Within the boot()  method, at first the logging mode is set and a boot notification message is output. 

You can send character output via the Gateway Module or the radio to the outside world using the 
methods Os::debug  and Os::fatal : 

 

 
//------------------------------------------------- ------  
** Logs the given string depending on the log mode to a uart or radio.   
 */  
void  debug ( const  char  *format, ...); 
 
//------------------------------------------------- ------  
/** Logs the given string depending on the log mode  to a uart or radio.   
 */  
void  fatal ( const  char  *format, ...); 
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They work similar to the well-known sprintf  functions in regular C, i.e. integer values etc. can be 
printed using the % notation. For example 

 

 
uint16 i = 128; 
os() .debug( "value of i is %d, hex=%x" , i, i); 
 
 
will output „value of i is 128, hex=0x80“. The destination of the debug output can be set using 
Os::set_log_mode ,  
 
 
 
//------------------------------------------------- ------  
/** Sets the log mode to the given value, e.g.  
 * (ISENSE_LOG_MODE_UART0 | ISENSE_LOG_MODE_RADIO)  
 */  
void  set_log_mode ( uint8  mode ) { log_mode_  = mode; } 
 

 

As a parameter, Os::set_log_mode  takes a uint8  bit field, where bits for the different log 
output targets can be set, the corresponding constants can be found in iSense/src/isense/os.h. 

By default, the output destination is set to UART0, i.e. the output is sent to a PC via a connected 
iSense Gateway Module. 

In SolarModuleDemoApplication::boot() , the log mode is set to go to both the Gateway 
Module and the radio.  

Next, the CoreModule  class is instantiated. Besides switching the Core Module LED, the use of the 
CoreModule  class is also important because its constructor among other things switches the Core 
Module voltage regulator to the power save mode which is important for low power sleeping. For 
details regarding the Core Module and voltage regulator operation, refer to the Core Module User 
Guide [4]. 

Then, the object that represents the Solar Power Management Module, SolarModule , is allocated.  

If both allocations were successful, the battery state is read from the Solar Power Management Module 
in order the estimate the initial battery charge. After the charge value is set, the results are output. 

 

 
// if allocation of Core/SolarModule was successful  
if  (( sm_!= NULL) && ( sm_!= NULL)) 
{ 
 // read out the battery state  
 BatteryState  bs = sm_->battery_state(); 
 // estimate battery charge from the battery voltag e 
 uint32  charge = sm_->estimate_charge(bs.voltage); 
 // set the estimated battery charge  
 sm_ ->set_battery_charge(charge); 
 // output voltage and estimated charge  
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 os ().debug( "Set estimated charge of %d uAh, voltage is %d mV" , 
        charge, bs.voltage); 
 // start periodic waking and sleeping in 30 secs  
 os ().add_task_in(Time(30,0), this , ( void *)TASK_WAKE); 
} else  
  os ().fatal( "Could not allocate Core/SolarModule" ); 
 
 

 

To start the periodic sleeping and waking operation, the application registers as a task at the operating 
system to be called in 30 seconeds with the userdata  constant TASK_WAKE, casted to a void*  
pointer to match the API signature of Os::add_task_in  (see below). 

In general, an object can register itself at the OS as a Task  to receive a callback immediately, at a 
certain time, or after a certain interval. Task callbacks are called in the regular application context. 
They cannot interrupt other activities, and hence may be delayed. Task execution can take an arbitrary 
time, and is hence suited for longer activities such as complex computations. 

 
 
class Task : public iSenseObject 
{ 
 public:  
  /**  
   * This method is called by the os in normal cont ext.  
   */  
  virtual void  execute( void * userdata ) = 0; 
}; 
 
 

Once a class (such as the demo application) inherits the isense::Task  interface and implements 
the corresponding method, it is a task and can be registered at the operating system for later callback. 

For tasks, the OS provides three methods for registering tasks to be executed as soon as possible, at a 
certain time, or after a certain interval from now on. 

 

 
//------------------------------------------------- ----------------------  
/** This method enqueues the given task into the qu eue of tasks  
 *  Its execute method is called during the main co ntrol flow  
 *  
 * \param task object implementing the Task interfa ce, whose execute  
 * method is called  
 * \param userdata an arbitrary pointer that is pas sed back again  
 * to the callback  
 *  
 * \return true if task was enqueued successfully, false otherwise (e.g.  
 * if the task queue is full)    
 *  
 */  
bool add_task(Task *task, void * userdata); 
   
//------------------------------------------------- ----------------------  
/** This method enqueues the given task in the queu e of lower priority 
 *  tasks. Its execute method is called during the main control flow  
 *  
 * \param interval Point in time when the callback will be called  



 

 

 

  33 / 40 

iSense Solar Power Harvesting System User Guide  

coalesenses 
research to innovate 

 * \param task object implementing the Task interfa ce, whose execute  
 * method is called  
 * \param userdata an arbitrary pointer that is pas sed back again  
 * to the callback  
 *  
 * \return true if task was enqueued successfully, false otherwise (e.g.  
 * if the task queue is full)    
 */  
bool add_task_at(Time time, Task *task, void * userdata); 
 
//------------------------------------------------- --------------------  
/** This method enqueues the given task in the queu e of lower priority 
 *  tasks. Its execute method is called during the main control flow  
 *  
 * \param interval Time period after which the call back will be called  
 * \param task object implementing the Task interfa ce, whose execute  
 * method is called  
 * \param userdata an arbitrary pointer that is pas sed back again  
 * to the callback  
 *  
 * \return true if task was enqueued successfully, false otherwise (e.g.  
 * if the task queue is full)    
 */  
bool add_task_in(Time interval, Task *task, void * userdata); 

 

 

All methods for registering tasks at the OS feature a so called userdata  parameter. It can be used to 
attach additional information to a task, that is then passed to the execute  method when it is called. If 
you don’t use the feature, simply pass NULL. 

In its execute  implementation, the SolarModuleDemoApplication  uses the userdata  
parameter to distinguish two different cases.  

In case userdata  equals TASK_WAKE when casted to an uint32 , at first the Core Module LED is 
switched on and the voltage regulator is set to the continuous mode. Then, the task is reregistered with 
the userdata  parameter TASK_WAKE to be called in a minute again. Here, a unsigned integer is 
passed instead of a Time  object, however the compiler instantiates a Time  object using the  

 

 
Time::Time(uint32 milliseconds) 
 

 

constructor. Then, the control()  method of the SolarModule  instance is called and the returned 
BatteryState  is stored in bs . The battery charge returned in bs.charge  is then used to set the 
duty cycle according to the remaining power. In short, the less energy is left, the more the duty cycle is 
reduced.  

Then, a second task is registered (that will be discussed later) to be called after the wake period (with 
TASK_SLEEP as the userdata  parameter), the according delay interval is calculated as the 
product of duty_cylce_ (given in tenth of a percent) times 60. Here, the maximum interval is 880 
* 60, i.e. 52800 ms or 52.8 seconds. Compared to the one minute interval above, a bit more than  7 
seconds are left with node sleeping. During this period, the battery can measure the net current that 
flows into the battery, and that hence must be the current delivered by the solar panel. 
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 The calculated values are then output using os().debug(...) . 

 

 
void  
SolarModuleDemoApplication::  
execute ( void * userdata ) 
{ 
 if  (( uint32 )userdata==TASK_WAKE) 
 { 
  // switch on Core Module LED  
  cm_->led_on(); 
  // set voltage regulator to continuous mode  
  cm_->set_regulator_mode( CoreModule ::continuous_mode); 
 
  // register as a task to wake up again in one minut e 
  // the below call equals calling  
  // add_task_in(Time(60,0), this, (void*)TASK_WAKE);  
  os ().add_task_in(60000, this , ( void *)TASK_WAKE); 
 
  //initiate control cycle, and read out battery stat e 
  BatteryState  bs = sm_->control(); 
 
  // adopt duty cycle to the remaining battery charge  
  if  (bs.charge < 50000) 
  { 
   // less than 50mAh -> battery nearly empty ->  
   // set ultra -low duty cycle -> ~100uA current used by the node  
   // live ~20 days  
   duty_cycle_  = 1; // 0.1%  
  } else  
   if  (bs.capacity < 1000000) //1 Ah or less  
   { 
    // 10% -> 4,5mA current used by node -> live ~ 9 days out of 1Ah  
    // and then another 20 days at 0.1% duty cycle (see  case above)  
    duty_cycle_  = 100; 
   } else  
    if  (bs.capacity < 3000000) //3Ah or less  
    { 
     // set duty cycle to 30% -> 13,5mA current used by node -->  
     // live ~ 6 days out of 1Ah  
     // and then another 9 days at 10% duty cycle  
     // and then another 20 days at 0.1% duty cycle  
     // (see cases above)  
     duty_cycle_  = 300; // 30%  
    } else  
     if  (bs.capacity < 5000000) 
     { 
      // set duty cycle to 50% -> 22,5mA current used by node ->  
      // live ~ 4 days out of 2Ah  
      // and then another 6 days at 30%  
      // and then another 9 days at 10% duty cycle  
      // and then another 20 days at 0.1% duty cycle  
      // (see cases above)  
      duty_cycle_  = 500; // 50%  
     } 
     else  
     { 
      // set duty cycle to 88% ->  
      // (7 secs per min left sleeping to measure charge current)  
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      // 39,6mA current used -> live ~ 1.5 days out of 1.4Ah  
      // and then another 4 days at 40%  
      // and then another 6 days at 30%  
      // and then another 9 days at 10% duty cycle  
      // and then another 20 days at 0.1% duty cycle  
      // (see cases above)  
      duty_cycle_  = 880;  // 88%  
     } 
  // add task to allow sleeping again  
  os ().add_task_in( duty_cycle_  * 60, this , ( void *)TASK_SLEEP); 
 
  // output battery state and duty cycle  
  os ().debug( "voltage=%dmV, charge=%iuAh -> duty cycle=%d, curre nt=%i" ,  
    bs.voltage, bs.capacity, duty_cycle_ , bs.current); 
 
  // prevent sleeping to keep node awake  
  os ().allow_sleep( false ); 
 } else  
 if  (( uint32 )userdata==TASK_SLEEP) 
 { 
  // switch off Core Module LED  
  cm_->led_off(); 
  // allow sleeping again  
  // set voltage regulator to continuous mode  
  cm_->set_regulator_mode( CoreModule ::power_save_mode); 
  os ().allow_sleep( true ); 
 } 
 
} 
 

 

Finally, a call of os().allow_sleep(false) prevents that the node goes to sleep. The iSense software 
system features an automatic power management system. It manages the different power modes to 
achieve minimum energy consumption. 

Although the system works automatically in the background, the different software components must 
indicate to the OS which power modes they can tolerate for the current operation. 

Three power modes are distinguished: 

·  full operation: all hardware features are fully functional 

·  doze mode: all peripherals and interrupt sources are functional, radio packets can be received 
and sent (if the radio is not turned off manually) 

·  sleep mode: radio and controller are switched off, but IO interrupt sources, tasks and timeouts 
are still functional. 

The OS holds a counter for sleep and doze mode. If that counters are 0, sleeping or dozing are 
allowed. Each software component can disallow entering sleep and doze mode by calling the 
according OS methods that increment or decrement the according counters. 

 

 
//------------------------------------------------- ---------------------  
/** This method increments or decrements a counter for the permission  
 * of automatic sleep. If the counter is zero autom atic sleep is allowed.  
 *  
 * \return Returns true if the operation has been s uccessful, false  
 * if the variable had already the desired value.  
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 */  
bool allow_sleep(bool allow); 
   
//------------------------------------------------- --------------------  
/** This method increments or decrements a counter for the permission of  
 * automatic doze. If the counter is zero automatic  doze is allowed.  
 *  
 * \return Returns true if the operation has been s uccessful, false if the  
 * variable had already the desired value.  
 */  
bool allow_doze(bool allow); 
 
 

 

After boot, sleeping and dozing are allowed by default. If the application wants to prevent sleeping, it 
must call 

 

 
os() .allow_sleep( false ); 
 

 

which prevents the system from sleeping until  

 

  
os() .allow_sleep( true ); 
 

 

is called again. The same holds for allow_doze .  

For the application, sleeping and waking is transparent except for the fact that no radio packets can be 
received when sleeping. The application can operate as usual, as the system automatically wakes up in 
time when timeouts or tasks are due. 

Note that allowing sleeping or dozing does not necessarily mean that the device actually goes to sleep 
or doze mode, as other software components can also prevent sleeping or dozing if their current 
operation cannot tolerate sleeping or dozing.  

In its execute  implementation, the SolarModuleDemoApplication  calls 
os().allow_sleep(false)  at the end of the first if -clause. This prevents the node from 
sleeping until execute  is called again, when task registered before with the userdata  value of 
TASK_SLEEP. As a result, the second if -clause is entered, and besides switching of the Core 
Module LED, a call of os().allow_sleep(true)  allows the node to enter the sleep mode again. 
To reduce the current consumption during sleep, the regulator is set into the power save mode. 

Like this, the SolarModuleDemoApplication  periodically wakes up every minute, stays awake 
some time and sleeps the rest of the minute. The Core Module LED is on while the node is awake, 
whereas it is switched off during sleep. 

4.4. Flashing and Running the Solar Module Demo Application 
Running the Solar Module demo application involves two iSense sensor nodes, the “solar node” and 
the “iSerAerial node”: 
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Node Configuration 

Solar node ·  an iSense Core Module, 

·  an iSense Solar Power Management Module with the Battery and 
the Solar Panel 

as well as  

·  an additional iSense Gateway Module with USB or serial cable 

iSerAerial node ·  an iSense Core Module and 

·  an iSense Gateway Module with a USB cable 

or 

·  an iSense Core Module, 

·  an iSense Battery Module and 

·  an iSense Gateway Module with a serial cable 

First of all, attach the additional Gateway Module to the solar node and plug the USB/serial cable to 
the PC. Be sure that the Core Module is switched on. 

Start iShell, configure the correct communication port, and change to the “Flash Loader” view. Select 
the appropriate binary (depending on the chip version of the Core Module) according to the table 
below. 

Chip Binary file 

JN5139R iApps/GatewayModuleDemoApplication/bin/JN5139R/SolarModuleDemoApplication.bin 

JN5139R1 iApps/GatewayModuleDemoApplication/bin/JN5139R1/SolarModuleDemoApplication.bin 

For details regarding the identification of the chip version, refer to Section 2.4 of the iSense Core 
Module User Guide [4]. Then flash the binary to the connected solar sensor node. Close iShell, or 
change to a different serial port. Switch off the Core Module, and disconnect the Gateway Module. 

Now, connect the iSerAerial node to the PC, switch it on, and restart iShell and connect to the 
appropriate port. Obtain the iSerAerial application binary [6] that matches the chip version of the Core 
Module of the iSerAerial node from the coalesenses website, and flash it to the iSerAerial node. 

This makes the iSerArerial node to act as a Radio-to-Serial and Serial-to-Radio bridge. Besides other 
functions, it forwards debug or fatal message sent out via the radio to the connected iShell whenever it 
receives them.  

Now, switch on the solar node, place it in a location where it is exposed to outdoor lighting conditions 
(e.g. at a window) and where wireless communication with the iSerAerial node is possible.  
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In the iShell view above, the solar node was running with the solar panel covered during the first two 
minutes. Hence, the displayed current of approximately 100 � A is negative, as it represents the current 
the sensor node consumes during sleep (it actually consumes about 75 � A, the difference is due to 
battery monitor inaccuracies). 

Then, the panel was uncovered, and exposed to direct sunlight, resulting in a positive battery charge 
current of about 300 mA. 
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