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1. About this User Guide

In this user guide,
files and folders are represented in Ar&l typeface,
code fragments, function names etc. are representbdCourier New typeface,
GUI elements such as button descriptions etc.egmesented in “quotation marks”,
titles of other documents are presentetddlic type.

This manual assumes that the reader has succgdsfttlled the iSense development environment,
and obtained the iSense standard firmware. Fohdurinformation on theses steps, consult the
Development Environment Setup User Glilde

In addition, it is assumed that the user is famiMath the use of iShell. For further information o
iShell, consult theéShell User Guidg?2].

For further information on iSense firmware programgnconcepts and on application development, it
is recommended to read tWériting iSense Applications User Guif].
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2. General Description

The iSense Solar Power System is an out-of-thesbbxion for running self-powered wireless sensor
networks. By harvesting solar energy and storintn i rechargeable battery, it allows operating
sensor nodes all-time autonomously.

The iSense Solar Power System consists of a saaelpan ultra-high capacity lithium ion
rechargeable battery, a power management modula aedsor node housing.

Combined with an iSense Core Module and iSensecévisdules, self-powered sensor nodes for
years of autonomous operation can be plugged tegeth

2.1 Handling and Security Instructions

Note that all iISense Modules are sensitive to mesthtic discharge. Appropriate protection measure
have to be taken.

If not protected by an appropriate housing, allnsecomponents must be protected from humidity,
mechanical impact, and short circuiting by conteith conductive materials.
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Note that all cable plugs and headers are designbd extremely compact, and are not intended for
frequent plugging and unplugging. Never pull thelea to remove the plugs from the corresponding
modules, always pull the plug itself. If requiragse an appropriate tool (or the pulling cord if
available). Even though all plugs/headers are codedure to pay attention to the proper oriemntatio
Never apply force. Never use cables if their insolais damaged.

Note that iSense modules are not intended for hugfgjing, (dis-)connecting modules from or to other
modules in operation can result in a reset of thee@®lodule and other undesired effects.

All delivered components are intended for use seagch application. For using these components
within other application domains, consult coalessrgrior to use.

Coalesenses products are not intended for usdeirslipport systems, appliances or systems where
malfunction of these products can reasonably bea®d to result in personal injury, death or severe

property or environmental damage. Coalesensesrassousing or selling these products for use in

such applications do so at their own risk and agpeilly indemnify coalesenses for any damages

resulting from such use.

Do not connect components or devices to any iSeoseponent that are not manufactured or
distributed by coalesenses without prior consultatif coalesenses. Note that doing so will void the
warranty and the declaration of CE conformity reidgss of consultation. Coalesenses customers
connecting third party devices do so at their oisk and agree to fully indemnify coalesenses fgr an
damages or injury resulting from such use.

Always use the buckler to protect the jack plugrfrdust and dirt.

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

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

When opening the housing lid with an integrated B&#Rsor, be careful not to impose mechanical
stress on its cable and plug.

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

Never disassemble the battery pack and cell. Hssismbled cell, generated gas may irritate throats
and the negative electrode plates may be heatedyaited. If disassembling the battery pack, safety

protection circuit may cause breaking and not dpdraafety system for charge and discharge. This
may cause heating, igniting and breaking of cell.

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

Never throw the battery pack into water, and proteitom moisture. If thrown into water, the safet
protection circuit be irreversibly damages. Moistaly cause heating, igniting and breaking. Oxygen
and hydrogen may be generated by electrolysis ¢érnwvand the sealing part may be corroded and
leaking may occur. Never use the battery afterais @xposed to moisture.

Do not store or operate the battery at high tentpers.

Do not externally short-circuit the battery padkexternally short-circuited, the battery pack nimsgy
heated, ignited or broken.

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

If the battery pack is deformed by applying pressetc., the sealing part may be deformed, causing
leakage or internal short circuit may cause heatgrgting or breaking.
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Protect the battery pact from mechanical impactalostore or carry it together with materials whic
have sharp edges or is electrical conductive irstimee custody.

Be sure not to discharge the lithium ion batterlpwe3.0V. In case of such exhaustive discharge, do
not use the battery any more. Contact coalesensésuhdling instructions.

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

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

Be aware that the solar panel can reach tempesatdiré0°C and more when exposed to direct sun
light.

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

2.2iSense Power Management Module

The power management module distributes the poweriged by the solar panel in an intelligent
way. If the panel can deliver more power than teessr node requires, it charges the lithium ion
battery (a). Otherwise, it reduces the batteryrdmge by partially supplying the node with the solar
power (b). When power is supplied to the conne¢&mhse Core Module via USB or a wall mount
adapter, the battery is automatically charged (c).

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

Because the battery charge information is mainthime accumulating positive (into the battery) as
well as negative current flows (out of the battetki initial value must be set once to obtain exrr
values. Once set, the battery monitor maintaind @ren accumulates) the correct values even if no
sensor node is connected to the Power Managemedti®lorhe value is lost only if the battery is
disconnected from the Power Management Module.
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The above depiction shows the typical interrelabetween the battery voltage and the battery charge
(black curve). For estimating the battery chargenfits voltage, an approximation (red curve) can be
used. This approximation is implemented in 8odarModule APl (see Section 3.16).

The above figure shows the bottom side of the iS&wsar Power Management Module, the below
table lists its connectors.

Symbol Description

X1 Solar panel cable connector
X2 Li-lon rechargeable battery connector
X3 Sensor node power cable connector
coalesenses 8/40
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2.3.Solar Power Housing

For transportation safety, the iSense Solar Povegvds$ting System is not mounted completely when
shipped.

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

To mount addition iSense Modules in the housingionee the M2 mounting bolt screw nuts (B). We
recommend using a hex nut screw driver such ag/iha PicoFinish 265P. Remove all but one 8 mm
spacer per mounting bolt, and mount the modulenTse another spacer, mount the next module and
SO on.

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

When you are mounting an iSense Core Module, giagaall mount cable header (C) into connector
X4 of the Core Module and plug the sensor node paable (D) into connector X3 of the Core

Module. Even thought the connectors are coded,upe ® pay attention to the polarity of the

connectors, do not apply force.

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

Make sure that the ferrit bead (E) does not getkdbetween the modules.

When all modules are mounted inside the housirgiefathe M2 nuts (B) again. Be sure that the
mounted iSense Core module is switched on. Fornmdtion on switching on the Core Module,
consult théSense Core Module User Guif#g.

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

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

The iSense Solar Power Harvesting System is novplsdely mounted.

2.4Using the PIR Sensor Mounting Facility

An M25 cable gland is used for mounting the PIRssenDisassemble the cable glant, and position
the sealing ring on the PIR sensor as depictedielo

coalesenses 10/ 40
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Reinsert the sealing ring into the gland pipe, mmdount the fixing nut: Tighten nut by hand urtiét
nut latches the first time. Then, tighten the nuiI8 turn (120°) with a 30mm spanner.

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

2.5Mounting Considerations

The iSense Solar Power Harvesting System is intefole 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 émamgprgy, the battery can be charged manually.
Manual charging can be done in two ways:

1. Connect an iSense Gateway Module with an USB ctible running PC. Then, open the
housing lid, and connect the Gateway Module toifemse sensor node in the housing. Note
that connecting the Gateway Module might resu#t neset of the sensor node.

coalesenses 11/40

research to innovate



ISense Solar Power Harvesting System User Guide

2. Connect the iSense Phone Jack Wall Mount Adaptee(acode: WMA10PJ) to the external
charge connector of the solar housing. Note thatréguires that the wall mount cable header
is connected to the Core Module as described itidde2.3.

O

During manual charge, the battery monitor workg #ee battery was charged from solar power. Once
initially set, it keeps track of the energy in thetery precisely.

2.7 Application Requirements

Warning!

To prevent exhaustive discharge of the batteryli@gmns running on sensor nodes tl
make use of the Solar Power Harvesting System msistntiate th&olarModule  class
in theirboot() method. Please refer to Sections 3 and 4 for m&tion on how to ust
theSolarModule class.

When instantiated irboot() , the SolarModule software will prevent exhaustiv
discharge by entering the so called hibernationnathe battery voltage becomes low
the “Hibernation” feature is enabled in the firmeasee [1] for information on how t{
customize firmware distributions), and shutting dotle sensor node in case of too |
battery voltage, as well as in cases where freqoemmunication with the iSense Sol
Power Management Module fails.

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

Be sure to use a firmware revision newer than 3315.
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For optimal operation, the iSense Solar Power Mamegmt Module requires repeated invocation of a
control cycle. This must be done by calling 8aarModule::control() frequently.

The control cycle reads out the battery monitod emonfigures the iSense Power Management Module
for optimal performance. To obtain the requiredinfation, the control cycle needs to measure the
energy flow into battery using the battery monitdren the connected sensor node is sleeping.

However, due to its ultra low power design andexily high sensitivity, the battery monitor extsbit
an integration time of 3.5 seconds, i.e. each nieasent of the consumed energy is done over a
period of 3.5 seconds. As the start and end ofintegration cycle are unknown, for optimal
performance the sensor node should be sleepingnfaminterrupted interval of at least 7.0 seconds.
Then, the control cycle should be invoked direettier wakeup. It is recommended that the control
cycle should be invoked at least once every 30 tegiu

coalesenses 13/40
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3. API Description

TheSolarModule class in thésense namespace contains all software functionalitydioerating
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 isrc/isense/modules/solar_module/solar_module.h in the
iSense directory.

The iSense firmware is structured into a large nemaf software modules that can be (de-)activated
separately. The below API description for each fiomcspecifies the required modules that must be
activated to use the functions, and names bothwie compilation module name as well as the

according code define. An asterisk (*) indicatest tthe respective module is activated in the iSense
standard firmware.

The API description also indicates the make tarfyeta/hich the different functions are available.

3.1 Constructor
SolarModule::SolarModule(Os& 0s);

Description:

Initializes the SolarModule  class. Registers as a periodic (hourly) task fehaastive
discharge prevention. In case the voltage is be8d@%V, or the reading of the battery state
failes, the sensor node is shut down.

Parameters:
0s Reference to the operating system cfass

Required modules:
Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE

Available for the targets:
JN5139R, JN5139R1

3.2battery_state
BatteryState SolarModule::battery_state();

Description:

Reads out the battery state information from thieebamonitor
Parameters:

none

Returns:

coalesenses 14740
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A BatteryState structure that represents the battery state antieof the battery monitor's
the last integration cycle. The BatteryState structure is defined in
iSense/src/isense/modules/energy_module/energy_module.h.

typedef  struct
{

uintl6 voltage;
int16 temp;
int32 current;
uint32 charge;
} BatteryState;
voltage Battery voltage, given in millivolt (mV).
temp Temperature (in the housing), given degree Cel(SiDs

current  Current flown into (positive sign) or out of (néigea sign) the battery, given in
microampere (A). Note that this is the net current flow, i.ee ttharge current of the
solar panel reduced by the sensor nodes currensuogtion. Hence, the
battery_state function should be called after the node slept dorleast 7
seconds without interruption, because the nodesenti consumption can be
approximated to O then.

charge Battery charge, given in microampere housh().
Note:

Because this function potentially accesses thetyathonitor using the 12C bus, this operation
takes about 1 ms. Do not call this function from itfterrupt context.

Required modules:

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE

Available for the targets:
JN5139R, JN5139R1

3.3set_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 hpuR).
Returns:

true if the new battery charge was set successfidlge otherwise.
Note:

Because this function accesses the battery mamsiag the 12C bus, this operation takes about
1 ms. Do not call this function from the interrgointext.

Required modules:
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Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE

Available for the targets:
JN5139R, JN5139R1

3.4set_chip_enable
bool SolarModule::set_chip_enable( bool enable );

Description:

Enables or disables the power management on tmseS8olar Power Module. Disabling the
chip prevents battery charging, but has no infleemc the battery monitor.

Parameters:

enable true to enable the power manageméalse otherwise
Returns:

true if the power management was enabled/disabled ssitdly, false  otherwise.
Note:

Because this function Power Management Module u$iad2C bus, this operation takes about
1 ms. Do not call this function from the interrgointext

Required modules:

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE

Available for the targets:
JN5139R, JN5139R1

3.5read_state
uint8 SolarModule::read_state();

Description:

Reads out the state of the iSense Solar Power Mamag Module
Parameters:

none
Returns:

8-bit field representing the state.

msb Isb

CE | RR|RR|SP|EP|V |CS|CS

CE chip enable: this bit is set if the power masmagnt chip is enabled

coalesenses 16/ 40
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RR reserved
SP  solar power: set if the solar panel currentlivees energy

EP external power: set if an external power so(i®ense Gateway Module with connected
USB cable or wall mount adapter) is available

Y valid: true if the state returned is valid

CS charge state 00: pre-charge: battery is chaigedy due to low battery fill state
01: charge: battery is charged
10: done: battery is full

11: suspend: charging suspended, because eitherchbeger is
overheated, the power management was disabledy acharging
source is available

Note:

Because this function Power Management Module usiad2C bus, this operation takes about
1 ms. Do not call this function from the interrgointext

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

Required modules:

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE

Available for the targets:
JN5139R, JN5139R1

3.6valid

bool valid(uint8 state);

Description:

Determines whether a previously read state (agitesicin Section 3.5) is valid.
Parameters:

state state of the iSense Solar Power Management Module
Returns:

true if the state is validfalse otherwise.

Note:

This method is actually just a preprocessor divectit 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 (agibescin Section 3.5) indicates that external
power is available, i.e. a wall mount adapter oiZense Gateway Module is connected to the
sensor node.

Parameters:

state state of the iSense Solar Power Management Module
Returns:

true if external power is availablélse otherwise.
Note:

This method is actually just a preprocessor divectit 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

3.8solar_power_available
bool solar_power_available(uint8 state);

Description:

Determines whether a previously read state (asribescin Section 3.5) indicates that solar
power is available, i.e. the solar cell currentdyivers energy.

Parameters:

state state of the iSense Solar Power Management Module
Returns:

true if solar power is availabléalse otherwise.
Note:

This method is actually just a preprocessor divectit 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 (asribescin 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-chargddise otherwise.
Note:

This method is actually just a preprocessor divecit 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

3.10charging
bool charging(uint8 state);

Description:

Determines whether a previously read state (asribescin 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 chargefid/se otherwise.
Note:

This method is actually just a preprocessor divecit 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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3.11charge_done
bool charge_done(uint8 state);

Description:

Determines whether a previously read state (asribescin 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 fullfalse otherwise.
Note:

This method is actually just a preprocessor divecit 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

3.12charge_suspend
bool charge_suspend(uint8 state);

Description:

Determines whether a previously read state (asribescin Section 3.5) indicates that the
charge process is suspended because either noyesepply is available, the power
management is disabled, or the charger is overtheate

Parameters:

state state of the iSense Solar Power Management Module
Returns:

true if the charge process is suspendatse otherwise.
Note:

This method is actually just a preprocessor divectit 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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3.13set_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 successftdiige otherwise.
Note:

Because this function Power Management Module usiad2C bus, this operation takes about
1 ms. Do not call this function from the interrngointext

The charge current corridor is only adhered tdhé tharge process is in the constant voltage
charge phase (i.e. approximately during the la% ®0@the charging process).

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

Required modules:

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE

Available for the targets:
JN5139R, JN5139R1

3.14charge_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 u$iad2C bus, this operation takes about
1 ms. Do not call this function from the interrgointext.

Usually, it should not be required to use this fiorcexternally; it is used by the control cycle.
Required modules:

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE

Available for the targets:
JN5139R, JN5139R1

3.15control
BatteryState SolarModule::control();

Description:

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

Parameters:
none
Returns:

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

typedef  struct
{

uintl6 voltage;

int16 temp;

int32 current;

uint32 charge;
} BatteryState;

voltage Battery voltage, given in millivolt (mV).
temp Temperature (in the housing), given degree Ce(S(D}

current  Current flown into (positive sign) or out of (ndiga sign) the battery, given in
microampere (A). Note that this is the net current flow, i.ee ttharge current of the
solar panel reduced by the sensor nodes currensungtion. Hence, the
battery_state function should be called after the node slept dorleast 7
seconds without interruption, because the nodesenti consumption can be
approximated to O then.

charge Battery charge, given in microampere hourh).
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Note:

Because this function Power Management Module u$iad2C bus, this operation takes about
1 ms. Do not call this function from the interrgointext.

Required modules:

Solar Module* #define ISENSE_ENABLE_SOLAR_MODULE

Available for the targets:
JN5139R, JN5139R1

3.16estimate_charge
uint32 SolarModule::estimate_charge( uintl6 voltage );

Description:

Estimates the battery charge from the give voltddes function is an implementation of the
approximate relation between the battery chargatanaltage depicted in Section 2.2.

Parameters:

voltage battery voltage, given in millivolts (mV).
Returns:

Estimated battery charge, given in microamprere$p\h).

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 application can make use of the
SolarModule  API. It shows how to

estimate the initial battery charge from the batteritage,
invoke the control cycle and obtain battery infotioa

set the duty cycle of the node.

4.1 Obtaining the Solar Module Demo Application

Go to coalesenses web site, click on “Downloadsl ¢hen on “iSense Hardware”. In the “Solar
Module” section, click on the icon at the righttime “Solar Module Demo Application” row, and
downloadSolarModuleDemoApplication.zip.

Extract the content @dolarModuleDemoApplication.zip to theiApps directory.

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

4.2.1. Using Eclipse

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

-

You can now import the application into Eclipse.o8ke “File”  “Import” from the menu bar to
open the “Import” dialog.
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Choose “Existing projects into workspace”, andicbn “Next”.

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

If it doesn't, the typical reason is that therali®ady a project called “SolarModuleDemoApplicatio
in Eclipse, i.e.

you imported the SolarModuleDemoApplication before
you created or imported a project with the sameenbetiore.

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

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

As a result, the “Console” view displays the compibutput 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 binddthe Solar Module Demo Application, open a
console window, change to tf@olarModuleDemoApplication directory in youriApps directory,
and type “make”.
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After the build finished, the console output shdolok similar as shown above.
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4.3.Solar Module Demo Application functionality

The source file of the Solar Module demo applicatiois located at
SolarModuleDemoApplication/src/SolarModuleDemoApplication.cpp. The class
SolarModuleApplication is derived from isense::Application , and additionally
inherits fromisense::Task

class SolarModuleDemoApplication
public  Application,
public Task

public
/I constructor
SolarModuleDemoApplication ( Os &0s);

/I inherited from application, called upon device b oot
void boot ();

/I inherited from Task, called when
/l a task is due
virtual void execute ( void * userdata);

private
/I pointer to the accelerometer
SolarModule * sm_;
/I duty cycle of the sensor node in tenth of a perc ent
/l e.g. duty_cycle == 150 --> 15%
uintl6  duty cycle ;
/I pointer to CoreModule
CoreModule * cm_;

ki
SolarModuleDemoApplication has three member variables that are initialized the
constructorsm__ holds the pointer to thBolarModule instanceduty cycle indicates the the

currently set duty cycle of the sensor node (wicimitialized to 50%) andm__ holds the pointer to
the CoreModule instance.

SolarModuleDemoApplication::
SolarModuleDemoApplication (Os& 0s):
Application(_os),
sm_( NULL),
duty cycle_ (500),
cm_(NULL)
{
}
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SolarModuleDemoApplication overwritesisense::Application::boot() , which is
called upon the start up of the iSense sensor node.

void

SolarModuleDemoApplication::

boot ()

{
/I set logging the go out via Gateway Module
/I AND the radio (can be picked up by iSerAerial no des)
os().set_log_mode( ISENSE_LOG_MODE_UARTO ISENSE_LOG_MODE_RAD)O

/I output boot notification message
os().debug( "Booting Solar Module Demo Application, id=%x"

0s().id());

/I create CoreModule instance
cm_= new CoreModule (o0s());
/I create SolarModule instance
sm_= new SolarModule (os());

/I if allocation of Core/SolarModule was successful
if (( sm_!= NULD && ( sm_I= NULLD)
{
/I read out the battery state
BatteryState bs= sm_->battery_state();
/I estimate battery charge from the battery voltage
uint32 charge =  sm_->estimate_charge(bs.voltage);
/Iset the estimated battery charge
sm_->set_battery charge(charge);
/loutput voltage and estimated charge
os().debug( "Set estimated charge of %d uAh, voltage is %d mV" ,
charge, bs.voltage);
/Istart 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 theboot() method, at first the logging mode is set and & hotfication message is output.

You can send character output via the Gateway Modulthe radio to the outside world using the
methodd0s::debug andOs::fatal

1 e

** Logs the given string depending on the log mode to a uart or radio.
*/

void debug( const char *format, ...);

1l et e

/** 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-knowsprintf ~ functions in regular C, i.e. integer values etm be
printed using the % notation. For example

uintl6 i = 128;
os() .debug( "value ofiis %d, hex=%x" i 0);

will output ,value of i is 128, hex=0x80". The didtion of the debug output can be set using
Os::set_log_mode

1 -- =T
[** Sets the log mode to the given value, e.g.

* (ISENSE_LOG_MODE_UARTO | ISENSE_LOG_MODE_RADIO)

*/

void set log_mode ( uint8 mode){ log_mode_ = mode;}

As a parameterQs::set_log_mode takes auint8 bit field, where bits for the different log
output targets can be set, the corresponding aasstan be found irtbense/src/isense/os.h.

By default, the output destination is set to UART.®, 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, theCoreModule class is instantiated. Besides switching the Géodule LED, the use of the
CoreModule class is also important because its constructangnother things switches the Core
Module voltage regulator to the power save modeckiig important for low power sleeping. For
details regarding the Core Module and voltage eguloperation, refer to thEore Module User
Guide[4].

Then, the object that represents the Solar Poweralflement ModulesolarModule | is allocated.

If both allocations were successful, the batteayesis read from the Solar Power Management Module
in order the estimate the initial battery chargieAthe charge value is set, the results are outpu

/I if allocation of Core/SolarModule was successful
if (( sm_!= NULL && ( sm_!= NULL)
{
/I read out the battery state
BatteryState bs= sm_->battery_state();
/I estimate battery charge from the battery voltag e
uint32 charge=  sm_->estimate_charge(bs.voltage);
/I set the estimated battery charge
sm_ ->set_battery charge(charge);
/I output voltage and estimated charge

coalesenses 31/40
research to innovate



ISense Solar Power Harvesting System User Guide

os ().debug( "Set estimated charge of %d uAh, voltage is %d mV"
charge, bs.voltage);
/I 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 operatibe application registers as a task at the cperat
system to be called in 30 seconeds withukerdata constanfTASK _WAKE,casted to aoid*
pointer to match the API signature@$::add_task_in (see below).

In general, an object can register itself at thea®@%Task to receive a callback immediately, at a
certain time, or after a certain interval. TasKlmatks are called in the regular application contex
They cannot interrupt other activities, and heneg tve delayed. Task execution can take an arbitrary
time, and is hence suited for longer activitieshsag complex computations.

class Task : public iSenseObject

L
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) ishiéritisense::Task interface and implements
the corresponding method, it is a task and care@istered at the operating system for later calibac

For tasks, the OS provides three methods for iyt tasks to be executed as soon as possitde, at
certain time, or after a certain interval from nomw

Il - - e —

/** This method enqueues the given task into the qu eue of tasks

* |ts 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);
1l -- - smmmmmmes e
/** 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
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* \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);

1l -- smmmmmmmmmes e

/** 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 featus® callediserdata parameter. It can be used to
attach additional information to a task, that isrtipassed to trexecute method when it is called. If
you don’t use the feature, simply pagdLL

In its execute implementation, theSolarModuleDemoApplication uses theuserdata
parameter to distinguish two different cases.

In caseuserdata equalsTASK_WAKBEvhen casted to annt32 , at first the Core Module LED is
switched on and the voltage regulator is set tacctminuous mode. Then, the task is reregisteréa wi
the userdata parametelTASK_WAKEo be called in a minute again. Here, a unsigmeeger is
passed instead offdme object, however the compiler instantiateBime object using the

Time:: Time(uint32 milliseconds)

constructor. Then, theontrol() method of théSolarModule instance is called and the returned

BatteryState is stored inbs. The battery charge returnedhbin.charge is then used to set the
duty cycle according to the remaining power. Inrghtbe less energy is left, the more the duty eysl
reduced.

Then, a second task is registered (that will beudised later) to be called after the wake periath(w
TASK_SLEEP as theuserdata parameter), the according delay interval is caled as the
product ofduty_cylce_ (given in tenth of a percent) times 60. Here, tlaximum interval is 880

* 60, i.e. 52800 ms or 52.8 seconds. Compareddootie minute interval above, a bit more than 7
seconds are left with node sleeping. During thisople the battery can measure the net current that
flows into the battery, and that hence must bectiteent delivered by the solar panel.

coalesenses 33/40
research to innovate



ISense Solar Power Harvesting System User Guide

The calculated values are then output usis(y.debug(...)

void
SolarModuleDemoApplication::
execute ( void * userdata)

if (( uint32 )userdata==TASK_WAKE)
{
/I switch on Core Module LED
cm_->led_on();
/I set voltage regulator to continuous mode
cm_->set_regulator_mode( CoreModule ::continuous_mode);

I reqgister as a task to wake up again in one minut e
/Il the below call equals calling

/l add_task_in(Time(60,0), this, (void*) TASK_WAKE);
os().add_task_in(60000, this , ( void *)TASK_WAKE);

/linitiate control cycle, and read out battery stat e
BatteryState bs = sm_->control();

/l adopt duty cycle to the remaining battery charge
if (bs.charge < 50000)

/' less than 50mAh -> battery nearly empty ->
I set ultra -low duty cycle -> ~100uA current used by the node
/l'live ~20 days
duty cycle. =1; //0.1%
} else
if (bs.capacity < 1000000) /[1 Ah or less

{

11 10% -> 4,5mA current used by node -> live ~ 9 days out of 1Ah
/I and then another 20 days at 0.1% duty cycle (see case above)
duty cycle_  =100;
else
if (bs.capacity < 3000000) //3Ah or less
{

/Il set duty cycle to 30% -> 13,5mA current used by node -->
/l'live ~ 6 days out of 1Ah
/I and then another 9 days at 10% duty cycle
/I and then another 20 days at 0.1% duty cycle
Il (see cases above)
duty cycle =300; //30%

} else
if (bs.capacity < 5000000)

{

/I set duty cycle to 50% -> 22,5mA current used by node ->
/l'live ~ 4 days out of 2Ah
/I and then another 6 days at 30%
/I and then another 9 days at 10% duty cycle
/I and then another 20 days at 0.1% duty cycle
Il (see cases above)
duty cycle  =500; //50%
}

{

else

/I set duty cycle to 88% ->
Il (7 secs per min left sleeping to measure charge current)
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/1 39,6mA current used -> live ~ 1.5 days out of 1.4Ah
/I and then another 4 days at 40%

/I and then another 6 days at 30%

/[ 'and then another 9 days at 10% duty cycle

/I and then another 20 days at 0.1% duty cycle

/I (see cases above)

duty cycle  =880; /1l 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);

/I prevent sleeping to keep node awake

os ().allow_sleep( false );

} else

if (( uint32 )userdata==TASK_SLEEP)

{
/I switch off Core Module LED
cm_->led_off();
/I allow sleeping again
/I 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) prevethat the node goes to sleep. The iSense software
system features an automatic power managementnsy#itenanages the different power modes to
achieve minimum energy consumption.

Although the system works automatically in the twaokind, the different software components must
indicate to the OS which power modes they candtdeior the current operation.

Three power modes are distinguished:
full operation: all hardware features are fully ¢tional

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

sleep mode: radio and controller are switchedtaft,|O interrupt sources, tasks and timeouts
are still functional.

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

Il - - O

/** 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);

1l
/** 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 difdf the application wants to prevent sleepiitg,
must call

os() .allow_sleep( false );

which prevents the system from sleeping until

os() .allow_sleep( true );

is called again. The same holds &iow_doze

For the application, sleeping and waking is transpiaexcept for the fact that no radio packetstman
received when sleeping. The application can opa@sigsual, as the system automatically wakes up in
time when timeouts or tasks are due.

Note that allowing sleeping or dozing does not seagly mean that the device actually goes to sleep
or doze mode, as other software components canpaésent 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 firsif -clause. This prevents the node from
sleeping untilexecute is called again, when task registered before withuserdata value of
TASK_SLEEP As a result, the secornifl -clause is entered, and besides switching of thee Co
Module LED, a call obs().allow_sleep(true) allows the node to enter the sleep mode again.
To reduce the current consumption during sleepragelator is set into the power save mode.

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

4.4 Flashing and Running the Solar Module Demo Appiocat

Running the Solar Module demo application involtw@e iSense sensor nodes, the “solar node” and
the “iSerAerial node”:
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Node Configuration

Solar node - aniSense Core Module,

an iSense Solar Power Management Module with theeBeaand
the Solar Panel

as well as

an additional iSense Gateway Module with USB oiateable

iSerAerial node - aniSense 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 Modtdethe 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 communicatiantpand change to the “Flash Loader” view. Select
the appropriate binary (depending on the chip wersif the Core Module) according to the table
below.

Chip Binary file
JN5139R  iApps/GatewayModuleDemoApplication/bin/JIN5139R/SolarModuleDemoApplication.bin
JN5139R1 iApps/GatewayModuleDemoApplication/bin/IN5139R1/SolarModuleDemoApplication.bin

For details regarding the identification of the giviersion, refer to Section 2.4 of tifeense Core
Module User Guidd4]. Then flash the binary to the connected sskmsor node. Close iShell, or
change to a different serial port. Switch off ther€€Module, and disconnect the Gateway Module.

Now, connect the iSerAerial node to the PC, switcbn, and restart iShell and connect to the
appropriate port. Obtain the iSerAerial applicatidmary [6] that matches the chip version of theeCo
Module of the iSerAerial node from the coalesenseissite, and flash it to the iSerAerial node.

This makes the iSerArerial node to act as a Rawl®drial and Serial-to-Radio bridge. Besides other
functions, it forwards debug or fatal message eatwia the radio to the connected iShell whenéver
receives them.

Now, switch on the solar node, place it in a lamativhere it is exposed to outdoor lighting condisio
(e.g. at a window) and where wireless communicatiith the iSerAerial node is possible.
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In the iShell view above, the solar node was ruginiith the solar panel covered during the first two
minutes. Hence, the displayed current of approeiyatO0 A is negative, as it represents the current
the sensor node consumes during sleep (it actoaltgumes abouts A, the difference is due to
battery monitor inaccuracies).

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