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WiBotic wireless power solutions enable autonomous wireless charging of aerial drones,
mobile robots, and unmanned aquatic vehicles across a wide range of applications.

The WiBotic Development Kit is the first step towards autonomous deployments of
entire robot fleets. In addition to fully automating the battery charging function, remote
monitoring of battery parameters and configurable charging profiles can extend the life
of every battery while ensuring every robot is ready to take on its next mission.

The Development Kit is the typical starting point for operators wishing to test and
evaluate these capabilities. The kit is assembled from standard WiBotic components,
selected to meet customer needs for size and capacity as well as to maximize charging
flexibility. The WiBotic Software Graphical User Interface (GUI) is also supplied for
system configuration and monitoring purposes.

v" 100% autonomous wireless battery charging
o Stand-by heartbeat mode with auto sensing for charge initiation
o Auto tuning for wide transmit-receive coil range and alignment flexibility
o Up to 8 amps/100 watts delivered to the battery for wireless operation
v' Constant current and constant voltage charging modes
o Supports many battery chemistries, including LiPo, LiFePO4, and SLA
o Fully programmable charging current/voltage
v' Optional wired battery charging
o Up to 10 amps/250 watts delivered to the battery when directly wired
for non-wireless operation
Lightweight receiver system for weight-sensitive installations
Three antenna sizes available to ensure the right fit for your robot
API for bidirectional communication using 12C
Optional cell balancing, battery monitoring and battery protection

CRRS
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PARAMETER MIN TYPICAL MAX UNITS
DC Input Voltage 36 48 55 Vv
Standby DC Current - 20 84 mA
RF Output Power (into 50Q load) 0.1 - 250 w
Operating Frequency - 13.56+0.007 MHz
Communication Link Frequency 2.433 - 2.483 GHz
DC Output Voltage* 0 Vgar 33.6 Vv
DC Output Current* 0 lcHARGE* 10.0 A
DC Power Output to Battery 0 - 125 w

*DC Output Voltage and Current are configurable between min and max values via WiBotic software

The following diagrams show the operational configuration of the system as well as the

individual components supplied with every WiBotic Development Kit:
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With the following steps, it is quick to setup and evaluate the WiBotic wireless charging
system either on a test bench or in your robot/drone. Follow these steps in order for
quickest setup and best performance out of the box:

1.

Connect one coaxial SMA cable between the Power Transmitter and the
Transmit Coil. Make sure the connection is finger-tightened on both ends.

Connect the second coaxial SMA cable between the Power Receiver and the
Receive Coil. Make sure the connection is finger-tightened on both ends.

Connect the Power Receiver to the target device to be powered (e.g. the battery)
using the supplied battery connector cable. NOTE: The development Kit requires
a direct connection to the battery for operation. The “heartbeat mode” algorithm
is disabled if the Power Receiver does not receive power from the battery before
wireless power is enabled.

TRANSMITTER RECEIVER

WIBOTIC

Using either stands to mount the coils or spacers to distance the coils, place the
coils face-to-face with the WiBotic logo side of each coil facing towards the other.
Coils should be positioned in-parallel and on-axis with each other for best
performance and for initial testing. NOTE: It is possible for the coils to be placed
too close together, make sure to reference the diagram below for sufficient coil
spacing depending on the coils provided.
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TRANSMIT COIL RECEIVE COIL Ideal Operational Range
for each coil configuration

TX300 : RX142

o 39 MmMm<x<63mm

TX142 : RX142
o 31 mm<x<47 mm

TX142 : RX80
o O0mm<x<12mm

make sure that all metal objects are at least 30cm away from the

2 CAUTION: Do not place the Transmit Coil on a metallic surface, and
Transmit and Receive Coils during testing.

5. For optimal performance, position the coils concentrically at the “Optimal

Distance” as specified on your Development Kit's “Certificate of Conformance”
(included in the package). Be sure the coil faces with WiBotic logos are face-to-
face.

. Connect the Power Cable to the Power Transmitter (before plugging in the Power
Cable to an electrical outlet).

. Plug the other end of the power supply into a standard electrical outlet. The
Green “READY” LED on the Power Transmitter will turn on.

. After installing the GUI on a Windows PC (see Software Setup instructions in the
next Section), connect either the Ethernet Cable or USB Cable provided from the
Power Transmitter to the computer. NOTE: If using the Ethernet Cable, either
plug directly into the Ethernet port on the computer, or use the provided USB
Adapter if the computer does not have an Ethernet port. Also if using the
Ethernet Cable, there are additional steps required to configure the IPv4 settings
on Windows. Refer to the Section on Configuring Ethernet Connectivity. If using
the USB Cable, make sure to use the provided USB Cable which includes a
ferrite bead on the cable, this is important for noise mitigation to reduce the
chance of disrupting the communication link to the Power Transmitter. Refer to
the Section on Configuring USB Connectivity.
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9. Once the GUI has been installed, all connections have been made and the coils
are within the Ideal Operating Range, you’re ready for wireless power! Press the
“Transmitter Off’ button to enable heartbeat mode. Assuming everything has
been setup properly and coils are in range, the system will turn on and begin
charging. NOTE: As the default operating mode, the Power Transmitter will be
disabled when initially powered. Therefore the GUI must be installed and the
system must be manually turned on to enable charging. After the initial set-up,
the default operating mode (enabled on power-up or disabled on power-up) can
be configured using the GUI.

To install the GUI, download the Windows executable from the link provided. This link is
provided by WiBotic via e-mail. Follow the steps in the WiBotic Interface Setup.

Choose Install Location ,15
Choose the folder in which to install WiBotic Interface. WIBOTIC

Setup will install WiBotic Interface in the following folder. To install in a different folder, dick
Browse and select another folder. Click Install to start the installation.

Destination Folder

C:\Program Files\WiBotic\Interface Browse...

Space required: 33.8MB
Space available: 27.5GB

Install Cancel

After successfully installing the GUI application, follow the steps in the subsequent
section to complete the system configuration using either the Ethernet interface or the
USB interface. NOTE: WiBotic recommends that the Power Transmitter be connected
via Ethernet for improved robustness to interference that may interrupt the
communication link between the Power Transmitter and the computer.
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Option 1: Configuring Ethernet Connectivity

The following instructions allow for a point-to-point Ethernet connection. Please note
that WiBotic currently supports only point-to-point Ethernet connections and users
should not attempt to connect to the Power Transmitter over an Ethernet network/LAN.

1. With the Power Transmitter powered on, connect the Ethernet Cable to the
Power Transmitter and either directly connect the Ethernet Cable to the computer
or use the provided USB Adapter.

2. Open “Network Connections” by pressing Windows Key + R. Type in “ncpa.cpl”,

and click OK:
=7  Typethe name of a program, folder, document, or Internet
= resource, and Windows will open it for you,
Open: ncpa.cpl v

QK Cancel Browse..,

3. Right click on the network adapter that is connected to the WiBotic Power
Transmitter and select Properties:

I‘ . Ethernet 4
—~r MNetwork
—rr — - A - - :8#1
& Disable

Status

Diagnose
® Bridge Connections

Create Shortcut

@ Delete

¥ Properties

R
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4. Select Internet Protocol Version 4 (TCP/IPv4) and click the Properties button
below it:

This connection uses the following items:

l; Client for Microsoft Networks A
5:' File and Printer Sharing for Microsoft Networks
—l;_-' [0S Packet Scheduler
A Intermet Protocol Version 4 (TCP/IPv4)
o Microsoft Network Adapter Multiplexor Protocol
Microsoft LLDP Protocol Driver
Interet Pratocol Version 6 [TCP/IPvE] v
>

-
L

A RORRKEE

Install... LIninstall Properties

5. Click the Use the following IP address button and specify the following settings.
The DNS section may be left black. Click OK:

IP address: 192.168.2.10
Subnet mask: 255.255.255.0
Default gateway: 192.168.2.10

General

‘You can get IP settings assigned automatically if your network supports
this capability, Otherwise, yvou need to ask your network administrator
for the appropriate IP settings.

(O Obtain an IP address automatically
(® Use the following IP address:

IP address: I 192 . 168, 2 . 10 I
Subnet mask: | 255 .255 .255 . 0 |
Default gateway: [ 192.168. 2 . 10 |

Obtain DMS server address automatically

(® Use the following DNS server addresses:

Preferred DNS server: | . ; . |

Alternate DNS server: I ; . ; I

[Jvalidate settings upon exit anceam

OK Cancel
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6. After the network settings have been configured, open the WiBotic GUI
Application.

7. Click the Network button and enter the IP address followed by port number:
192.168.2.20:1234 then click OK. NOTE: the IP Address is different than the IP
address typed into the network settings from the previous step.

? | interface Selection 4 X
® Metvork O Sl
192, 168,2. 20: 1234 | i

8. Verify that the GUI displays TX Connected as indicated by the icon in the bottom
right of the GUI. NOTE: the GUI may or may not indicate RX Connected at this
point, but so long as the GUI indicates TX Connected, the network settings have
been configured properly.

Tromtter sote [T PN
Usl WIBOTIC
Messages
12:32:49 TX: Send RX St:
o
e V) N Eﬂ
e L0y

tery Voltag

Note: All Ethernet connectivity instructions are intended for an ad-
hoc point-to-point connection directly to the Development Kit.
Changing the IP address, default gateway, and subnet mask of
your default adapter may cause a loss of connectivity between your
computer and your local network.

Note: Only connect the Power Transmitter to a local machine’s
internal Ethernet port or by using the USB-to-Ethernet adapter
provided by WiBotic. The Power Transmitter should not be plugged
into any network switchable interface.
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Option 2: Configuring USB Connectivity

The following instructions allow for a direct USB connection to the Power Transmitter.
Please note that WiBotic recommends using the Ethernet connectivity option. If USB
connectivity is desired, be sure to use the provided USB Cable with a ferrite bead to
reduce the chance of interference between the Power Transmitter and the computer.

1. Connect the USB cable between the computer and the Power Transmitter. NOTE:
make sure the USB cable is sufficiently plugged in to the Power Transmitter.

2. Open the WiBotic GUI Application. Enter the serial port for the connected USB
cable. This can be found within Device Manager. Enter the COM port using
capital letters and no spaces (i.e. COM4) and then click OK.

B Interface Selection ? X

O Network @ Serial

| Cancel

|E:--:.5mple: Windows: COM1 Linux: Jdev/ttyUSBO

3. Verify that the GUI displays TX Connected as indicated by the icon in the bottom
right of the GUI. NOTE: the GUI may or may not indicate RX Connected at this
point, but so long as the GUI indicates TX Connected, the serial port settings
have been configured properly.

U20) wisoTic
(- 1
H I
1 1
I 1
1 1
! i
[ ConnectedfRX Connectedii

 — Aj
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Before starting, please review this document to familiarize yourself with system
operation and the GUI application.

Note: As with any wireless device, field testing of the Development Kit
components in the end-use application is strongly recommended as
numerous factors may impact system performance.

Default Charge Settings

Prior to shipping the Development kit, WiBotic will pre-configure the proper charging
voltage and amperage for the particular battery used in your application. These values
may be changed within the GUI. However, WiBotic recommends the use of the preset
values that were configured for your Development Kit.

If it is desirable to change these values, click on the “File” menu in the top left corner of
the GUI and select “Charge Configuration”. A dialog is presented which permits the
changing of battery chemistry, number of battery cells, battery cell full voltage, and
charge current.

Wibotic Charge Configuration - O X

RX Charge Configuration

Battery Chemistry Custom

Number of Battery Cells ‘ 1

Battery Cell Full Voltage 12.030

Charge Current (.25 - 10A) |1.000
Float Voltage 12.030 V

WARNING:

Please confirm the battery requirements from your battery manufacturer before
setting these parameters. Also, please make sure the power requiremets can be
supported by the power supply being used. Improper settings of these
parameters can lead to physical damage. Contact WiBotic if you have any
questions about these parameters.

OK Cancel Apply

charge current and voltage are within permissible limits. Damage to the
battery, charger or connected equipment may occur if incorrectly
configured. A damaged battery could cause personal injury.

2 CAUTION: Please confirm the battery requirements to ensure the
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WiBotic GUI Overview

Displays timestamp and message of most
recent action. Any alarms will also be
displayed here.

Indicates the charge state.

() wisoTIC

Charger State [ iy 14

Messages:

12:32:12 Turning on wireless power
12:32:49 TX: Send RX Start Charging

(M |

Battery Current (A)

Battery Power (W)

Rectified Voltage (V)

TX Power (W)

| |

3 Cells @ 4.20V

Voltage Limit: 12.60V z
Current Limit: 5.00A | Start Logging | Enter Logging Directory ]

Charger
Config Info

GUI Build: d6c150c1 TX Build: d6c150c1 RX Build: d6c150c1
Turn on{off Indicates the configuration = bios Dot
Transmitter information of the charging ) na. eSt ?‘|a
battery. ogging to file.

Indicates whether the transmitter
and receiver are connected by the
highlighted color.




WIBOTIC Development Kit Manual

Starting Wireless Power Transmission

To begin testing, turn the Power Transmitter on by clicking the “Transmitter Off” button.
The system will turn on in heartbeat mode
and the button will change state and indicate

‘ . " Transmitter On
‘“Transmitter On”.

In this mode, the Power Transmitter periodically turns on until it detects a Power
Receiver. If the Transmit and Receive Coils are within the ideal operating range,
wireless power transfer will begin automatically. Once wireless power transmission
begins, the system will stop only if the “Transmitter On” button is clicked to turn off or if
a shutdown event occurs. (See the Power Down Events section for details). WiBotic
recommends disconnecting power to the development kit when not in use for an
extended period of time.

Battery Charging Process

WiBotic Power Receivers are configured by default to act as Constant Current -
Constant Voltage (CC/CV) battery chargers.

If the Power Transmitter is on and a Power Receiver is in range, the system will begin
charging if the battery is not already considered fully charged. The charger regulates
output voltage to the battery at a pre-defined voltage limit. The voltage limit is set by
default at the WiBotic factory based upon the appropriate voltage limit for the
customer’s battery. The default voltage limit is listed on the Certificate of Conformance
and is also shown in the “Charger Config Info” box in the bottom left corner of the GUI.
The voltage limit can be changed and will be remembered even if the Power Receiver is
powered off.

During startup, the charging current will ramp up to the maximum constant-current
charge rate as configured in the WiBotic software. The Power Receiver will always try to
ramp-up to the maximum charge current. However, in some cases, depending on either
sub-optimal coil position, environmental conditions or high temperature of the
electronics, the Power Receiver may not be able to achieve the maximum charge
current. If unable to reach the maximum charge current, the Power Receiver will not
increase beyond a charge current that the system can reliably and safely sustain.

After the constant current portion of the charge cycle is complete, the Power Receiver
will enter constant-voltage charging mode. During constant-voltage charging mode, the
charge current decreases gradually as the voltage of the battery approaches the charge
termination voltage.
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There are two ways for the system to terminate charging in constant-voltage mode:

1. CV Mode Timeout: Once charging has started, a configurable timeout period
begins, with a default of three hours. Even if the battery is not fully charged after
this timeout, the charge cycle will terminate and the Power Transmitter will return
to standby.

2. CV Mode C/10 Charge Complete: If the charge current drops below one-tenth
of the maximum charge current rate (C/10), then charging is complete and the
Power Transmitter will return to standby.

The GUI will indicate that the battery is fully charged by highlighting the battery voltage
background in green, as illustrated in the image below.

Battery Voltage (V)

Once the battery has been fully charged and to avoid repeatedly topping-off the battery,
there is a threshold in the WiBotic software that requires the battery to drop below a
certain voltage before charging will resume. The threshold depends on the battery
chemistry and voltage, but typically equates to roughly 90% of full charge. This
threshold can be inferred visually via the background of the battery voltage reading on
the GUI: if the background is green, the battery is considered fully charged. If the
background is black, the battery can be charged. If the Power Transmitter is left on, this
functionality will occur autonomously.

Efficiency (%)

As an example, if the vehicle finishes a task and comes back to the Power Transmitter
for charging, the battery will autonomously charge up. Once the battery is fully charged,
the vehicle might have other electronics that consume power from the battery. When the
battery drops below the voltage threshold defined by WiBotic software, it will
autonomously charge back up to full.
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There are several different mechanisms that can cause the Power Transmitter to power-
down during charging:

COMMUNICATION ERROR: The Power Transmitter and Power Receiver communicate
over a low-power radio link. If the Power Receiver is out of range, or is in a particularly
electrically noisy environment, then the GUI will display “RX Disconnected”. The Power
Transmitter will power-down until the low-power radio link is restored.

GUI INFORMATIONAL MESSAGES: There are informational messages that appear on
the log of the GUI. These messages indicate either a status update or an alert. If an
alert has been triggered, the message will provide a recommendation to hopefully solve
the problem. If the GUI application stops responding, it may be necessary to force close
the program and restart. If the problem persists, contact WiBotic for support. See the
section on GUI Alert Messages for more details.

The table below enumerates the charge status indicator name and descriptions.

Table 1: GUI Status Indicators

STATUS NAME STATUS DESCRIPTION
Off The Power Transmitter is off.
Heartbeat The Power Transmitter will periodically turn on until the receive coil is detected.
Ramp Up Wireless power is enabled and power is ramping up to target levels.

Constant Current | The battery is being charged in constant-current mode.

Constant Voltage | The battery is being charged in constant-voltage mode.

Batt Full The battery has completed charging.

The Power Transmitter and/or Power Receiver is not connected. NOTE: the
TX/X Disconnected | Power Receiver and Receiver Coil needs to be within the Ideal Operating
Range before RX Connected will appear.
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The following events will cause the Transmitter to shut down temporarily, and then
automatically re-enter heartbeat mode.

Table 2: GUI Alert Messages

ALERT NAME

ALERT DESCRIPTION

TX Alarm: Power Supply
Over Current

If the power supply exceeds the maximum permitted current, this alarm will
occur. The system will restart and enter heartbeat mode. If the problem
persists, disconnect the transmitter power cable and contact WiBotic before
continuing.

TX Alarm: Power Supply
Over Power

If the power supply exceeds the maximum power limit, this alarm will occur.
The system will restart and enter heartbeat mode. If the problem persists,
disconnect the transmitter power cable and contact WiBotic before continuing.

TX Info: Radio
Communication Lost

If the radio link is not maintained between the transmitter and receiver, the
transmitter will turn off. Try moving the transmitter and receiver closer to each
other. The system will shut down and enter heartbeat mode.

TX Info: Received power
low

This usually occurs when the coils are positioned too far apart or in a non-
optimal orientation. Transmitter will immediately shut down. Try repositioning
the coils if this alert persists.

TX Info: Coil position not
optimal

The transmitter cannot transition out of heartbeat mode, and will retry in 10
seconds. Make sure the coils are placed within the Ideal Operating Range. If
the message persists, the transmitter will remain in heartbeat mode.

TX Info: Internal
communication error

An internal error might occur that will cause the system to restart. The system
will restart and enter heartbeat mode. Contact WiBotic if this problem persists.

TX Alarm: RX is in alarm
state

The receiver has encountered a problem. The system will attempt to restart
and resume operation.

TX Alarm: Power transfer
too inefficient. Try moving
coils apart.

Wireless power transfer is presently too inefficient. Try moving coils farther
apart to resolve issue.

RX Alarm: Battery voltage
incorrect

The battery parameters (number of cells, chemistry, volts per cell) are
inconsistent with the current battery voltage detected by the charger. Correct
the battery parameters or change batteries and try again.

RX Alarm: Rectified
voltage crashed

The input voltage seen by the receiver has changed abruptly. This may be
due to poor coil position or other hardware error. If this problem is not
resolved by repositioning coils, contact WiBotic.

RX Alarm: Charger
shorted

The battery charger on the Power Receiver has detected a short circuit on the
battery output. Try disconnecting the battery to power cycle the Power
Receiver and see if the problem persists. If this problem is not resolved,
contact WiBotic as there may be a hardware issue with the Power Receiver.

RX Alarm: Internal event
alarm

The receiver has had an internal error and has attempted recovery. Try
disconnecting the battery to power cycle the Power Receiver and see if the
problem persists. If this problem is not resolved, contact WiBotic.

RX Alarm: Low battery
current

Something is limiting the amount of current that can be used to charge the
battery. This caused charging to stop. Allow the system to resume, but if the
problem persists across multiple charging attempts, contact WiBotic.
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If the Power Transmitter is powered on and connected to the computer via the Ethernet
or USB cable but the “Interface Selection” window continues to appear and does not
open the GUI, proceed through the following steps:

1.

If using the USB interface, open Device Manager to verify the Power Transmitter
exposes a COM port. You can verify you have identified the correct COM port by
unplugging the USB cable and observing which COM port disconnects. Then
reconnect the USB cable and make sure the same COM port reappears.

If the COM port does not appear, disconnect the USB cable from the computer.

Make sure you have properly installed the correct Virtual COM Port Drivers which
can be downloaded from this website: http://www.ftdichip.com/Drivers/VCP.htm

Close and re-open the GUI.
Reconnect the USB cable to the computer.

If the Interface Selection window still appears, disconnect the power cable from
the Power Transmitter. Then, repeat Steps 1-5.

Note: The first time the Power Transmitter is connected via USB, it
may take several minutes to auto-install the necessary FTDI Virtual
COM Port drivers.

If using the Ethernet interface, make sure you have setup the IPv4 settings as
outlined in the Configuring Ethernet Connectivity Section above.

If you still cannot connect to the GUI, contact WiBotic at info@wibotic.com for
assistance.
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WiBotic Inc.

4545 Roosevelt Way NE Suite 400
Seattle, WA 98105
650-265-7987
www.wibotic.com
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