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1 Warnings

This section provides warnings regarding elements of the Indago system, and outlines steps to
take when facing inherent dangers associated with operating Small Unmanned Aerial Systems
(SUAS).

1.1 Spinning/Sharp Propellers

The propellers on the Indago system are extremely efficient and precision formed from carbon fiber,
making the blades very stiff and sharp. Spinning at any speed are very dangerous and can inflict serious
bodily injury.

Warnings

e Never approach the vehicle while blades are spinning.

o Always be aware of people handling the vehicle and others in the area.

o Establish open communication between the operator and any assistants to ensure the vehicle is a safe
distance from people before arming the motors.

e Never work on a vehicle with mounted blades.

Propeller replacement is necessary when either blade is damaged in any way. Damaged or otherwise
compromised blades are a hazard as they may fragment at high speeds. Even blades with small dings or
scratches need replacement as they introduce large dynamic loads from vibration that can affect vehicle
stability and degrade certain components.

See Section 3.3.1 Propeller Replacement for instructions on proper propeller care and replacement.

Copyright © 2014 Lockheed Martin Corporation
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1.2 Radio Frequency (RF)

r '

ACAUTION

@) S50

To satisfy Federal Communications Commission RF exposure requirements for mobile transmitting
devices, a separation distance of 23 cm or more should be maintained between the antenna of this device
and persons during device operation. To ensure compliance, operations at closer than this distance is not
recommended.

1.3 Batteries

The Indago battery and Handcontroller battery are high-density lithium batteries. These batteries provide
maximum energy storage in a light-weight package.

Warnings

If not handled or charged properly, lithium polymer batteries may explode or catch fire. The most
common cause of battery fires are from punctures to the battery.

While the Indago battery is protected by a Kevlar/Carbon shell, care should be taken to avoid physical
damage.

Lithium polymer batteries should never be fully discharged as this damages the battery and
recharging could lead to a fire.

Avoid fully discharging the Indago battery by removing the battery from the vehicle promptly after
flight.

Never leave a powered vehicle unaccompanied.

Copyright © 2014 Lockheed Martin Corporation 12
All Rights Reserved



L -
_:?'4,/ Indago User Guide LOCKNEED MARTIN f%
Proverus Teolnotegies, £C.

2 System Overview

This section provides an overview of the Indago system including specifications for the
Handcontroller, Virtual Cockpit, charger, batteries, payloads and peripherals.

2.1 Indago

Motor and

Propeller

Rotation

Direction Communications Front Arm Base-

Antenna Battery Hatch

Front Right
Arm Clip

Front Left
Arm Clip

Body

Back Right
» Arm Clip

Back Left
Arm Clip

Back Arm Base Video Antenna

Motor and _
Motor Pod

Copyright © 2014 Lockheed Martin Corporation
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P .
Landing Gear
Clamp

Landing Gear Clip

Payload Quick
Detach

DUO Payload

Indago Specifications

Endurance 45 minutes (w/200g payload)

Payload Multiple Hot-swappable Payloads

Range 2 km line of sight—5 km plus with optional long range antenna
Dimensions 32x32x9 in (12x9x7 in folded)

Weight 4.85 Ib (2,200g) with 200g payload

Operational Altitude

10-500 ft AGL (typical)

Ground Control Station

Touchscreen Handcontroller or laptop-based Virtual Cockpit

Maximum Climb Rate

800 feet/minute

Maximum Decent Rate

400 feet/minute

Maximum Cruise Speed

30 mph

Maximum

11,000 feet MSL

Operating Temperature

-30° to 120° F

Rain Performance

Moderate Rain (<7 mm/hr)

Wind

25 mph

Humidity

100% non-condensing

Copyright © 2014 Lockheed Martin Corporation
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2.2 Handcontroller

Power Arm
Forward
Left * Right
Back
L il‘l.\“ll#.&l&"l&llA!MIA.IMIA&I.AIOA‘GIl
/ Function \
Copyright © 2014 Lockheed Martin Corporation 2.3
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External
Power
Connector

&

. Anal
Audio % Lpmi AUX

Out Video out Connector

Analog
Video In Ethernet

use SC Card

Average Battery Run Time

Handcontroller Specifications
4 hours

Processor

Quad Core 1.2 GHz

Screen 1024x768 daylight readable touchscreen

Dimensions 12x8.5x3 in

Weight 4.25 b

Range 2 km line of sight—5 km plus with optional long range antenna

Operating Temperature

-30° to 120° F

Rain Performance

Moderate Rain (<7 mm/hr)

Humidity

100% non-condensing

Copyright © 2014 Lockheed Martin Corporation
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2.3 Virtual Cockpit

Loading...CloseupFarmNex@ToProcerus.png

) Virtval Cockpit v2.5H for hovering aircraft

P and Kestrel v3 aoutopilot

Copyright @ 2004 — 2013.
TEEL H I] | [ Procerus technologies. All Rights Reserved.

Virtual Cockpit Minimum System Requirements

Processor 700 MHz Intel Pentium Il processor or faster (faster CPU needed for
video recording)

Operating System Microsoft Windows XP or later

Minimum RAM 512 MB

Minimum Free Disk Space 200 MB

Video Card DirectX 8 compatible (or higher) Video Card with minimum 8 MB of
Video RAM

Direct X DirectX 9.0c August 2007 runtime (included with installer)

Installation Requirement Must be connected to the internet

Copyright © 2014 Lockheed Martin Corporation
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2.4 Charger

DC Input 10-28V

Indago Battery

Charge Bay AC Input 120V
" Handcontroller
Battery Charge Bay
Cooling Fan
Lipo Charger LCD
Display

Batt Type, Dec, Inc, Start,
Stop <- Status Status -> Enter

Charger Specifications

Dimensions 9.75x8.5x4.5 in

Weight 4.2 1b

Input DC Voltage Range 10-28 VDC (at least 24V to charge HC battery)
Input AC Voltage 120 VAC

Maximum Output Current 20 Amps

Operating Temperature -30° to 90° F

Copyright © 2014 Lockheed Martin Corporation
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2.5 Battery

Blind Mate
Connector

LCD Fuel

Gauge In Vehicle
Storage Slot

>26% >41% >56% >71% >86% Blinking Single Block Represents 26% or Less

Battery Specifications

Capacity 4s 11,000 Mah (162.8 Wh)
Maximum Operating Voltage 16.8V

Minimum Operating Voltage (under load) 13.8V

Weight 870g

Dimensions 7x2.5x1.875 in

Max Charge 2C (22 Amps)

Max Discharge 5C (55 Amps)
Temperature -30°/+120° F

Copyright © 2014 Lockheed Martin Corporation
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2.6 Payloads
2.6.1 Duo Overview

Payload
Interface Board

Gimbal Top
_~ Quick Connect

Index Mark

EO Lens and
Camera

IR Lens and
Camera

Duo Gimbal Specifications

Weight 180g

Dimensions 3x3.25x3.5in

EO Camera Resolution/Zoom NTSC /10x Optical; 4x Digital
IR Camera Resolution/Zoom 640x480/8x Digital Zoom
Elevation Travel Limit +20°/-110° F
Active/Passive Image Stabilization Yes

Water Rating Water Resistant

Copyright © 2014 Lockheed Martin Corporation
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Gimbal Top
Quick Connect

Payload

Pentax
Interface Board

WG-10

> ]

neEAWTRAY

Quick Removal
Straps

Pentax Payload Specifications
Weight 200g
Dimensions 3.25x5x2.25 in

Camera Resolution/Zoom

14 Megapixels/5x

Full HD Capture Rate

.68 frames/s

Shutter Speed

1/1,500 to 1/4

Shockproof/Dustproof

Yes

Water Rating: Camera/Chassis

Water Resistant

Copyright © 2014 Lockheed Martin Corporation
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Roll and
Elevation
Actuation

Agriculture Gimbal Specifications

Weight 1209
Dimensions 3.3x3.3x3 in
Aspect Ration 1.383
Horizontal Field of View 43.36°
Elevation Travel Limits +67°/-120°
Roll Travel Limits +20°/-20°

Copyright © 2014 Lockheed Martin Corporation
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2.7 Peripherals
2.7.1 Long-range Antenna Kit

Long-range Antenna Specifications

Kit Weight 3.91b (17709)
Frequency 1080-1200 MHz
Gain 8 dBi
Horizontal Beam Width 75°

Vertical Beam Width 65°

Impedance 50 Ohm

Max. Input Power 25 Watts

Copyright © 2014 Lockheed Martin Corporation
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3 Indago Details

This section provides an in-depth look at the Indago airframe and essential procedures for
unpacking/ packing, payload swapping, general maintenance/repairs, battery care, preflight
operations, and updating the Kestrel 3 Autopilot firmware.

3.1 Unpacking/Packing

Unpacking

Step 2.

1. Open the soft carry case zipper with one hand while supporting the bottom of the case with the other.
a. Open the case slightly to check whether the Indago is right side up.
b. If upside down, flip the case over while holding the case firmly to prevent it from opening.
c. Fully open the case and remove the vehicle using both hands supporting its sides.
d. Warning: Be aware that the antennae and propellers are sharp and can cause injury.

2. With the Indago removed from its case, grab hold of the two motor pods attached to the front of the
vehicle.
a. Unfold the vehicle by these pods and pull them toward you to snap them in place.
b. Be sure to keep hands and fingers clear of the gap between the arm clips and arm bases to
avoid getting pinched.
c. The back two arms are likely to swing down and away from the user.

Step3. - '  Step 4.

Copyright © 2014 Lockheed Martin Corporation
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3. Rotate the Indago and grab hold of the next two motor pods and shap them into place in the same
manner.

4. Hold the landing gear legs underneath the arms of the Indago, and pull them down and snap them into
place. Do this for all four arms.

Step 5.

5. Next, spread the blades apart.
a. They don’t have to be perfectly straight because they will self-align once the motors spool up.

6. Identify the front of the Indago by the knurling and split on the arm base.

Step 7. ' Step 8.

7. With both hands, use both thumbs to press on the knurling to open the battery hatch.
a. Keep hands clear of the antennas. The vehicle will swing down on the hatch hinges.

8. With the hatch open, pick up a battery by its strap and slide it into the battery bay.

Copyright © 2014 Lockheed Martin Corporation
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Step 10.

9. If the power connector on the battery is facing the bottom, the vehicle will be powered.
a. If the power connector on the battery is facing the top of the vehicle, it will be stored in the
vehicle without powering the vehicle.

Step 9.

10. The battery bay can now be shut.
a. Support the vehicle body with one hand while shutting the hatch with the other hand.
b. Be careful to keep fingers and hands clear from the openings as you close the hatch to prevent
pinch hazards.

Packing

To pack the Indago, remove the payload and power off the vehicle. The battery can be either removed or
rotated for unpowered storage in the vehicle.

Sep 2
11. After storing or removing the battery, fold the blades together for each arm.
a. Then, fold each of the legs back down to each arm.

Step 1.

12. While supporting the vehicle with one hand, use the other hand to grip the motor and blades.
a. The objective is to hold the blades so they don’t strike the body as the Indago arm is
unclipped.
b.  Users may use their leg to support the end of the vehicle while folding the arm. Be sure to
have the antennas bent along the leg to avoid cuts.
c. Apply moderate force to pop the arm out of its retaining clip.

Copyright © 2014 Lockheed Martin Corporation 3-3
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tep 3.
13. Collapse the arm on the other side while supporting with the user’s other hand as shown.

14. The vehicle can now be rotated and the other two Indago arms collapsed.
a. If the Indago arms seem to flop too easily making packing and unpacking difficult, the bolts
that pin the arms in place can be tightened to provide friction to the joints.

i (L
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15. The completely folded vehicle can now be inserted into the soft case.
16. The back of the vehicle is inserted first.

17. Seat the unit firmly into the foam at the bottom of the case.
a. The antennae are comprised of a memory shape alloy so they can be bent while inside the
case; upon removal from the case the antennae return to shape.

18. With the Indago properly seated in the soft case, the case can now be zipped closed.
a. The front antennas automatically bend out of the way.

3.2 Payload Swapping

Payloads designed for the Indago are equipped with a quick detach mount and are hot swappable. This
means payloads can be changed while the vehicle is powered. Payloads are also programmed with their
own configuration data, which tells the autopilot how to set them up without the user having to do
anything.

The payload should have a red index mark on the front.

The payload quick detach under the vehicle also has a red mark.

These marks need to line up in order for the payload to drop into the quick detach mount.
The payload will go in only one way.

Avoid touching the lenses of payloads in order to avoid smudging or scratching them.

Step 1. o Step 2.

1. With the vehicle upside down, locate the red marks and insert the payload.
a. Once the payload drops into the mount, twist the payload clockwise.
b.  The user will feel a click and resistance to further twisting when it is fully locked in.

2. The payload is removed in the reverse operations and a new payload can be swapped in.
3.3 General Maintenance/Repairs

3.3.1 Propeller Replacement

Propeller replacement is necessary when either blade is damaged in any way. Damaged or otherwise
compromised blades are a hazard as they may fragment at high speeds. Blades with small dings or
scratches also need replacing as they introduce large dynamic loads from vibration that can affect vehicle
stability and degrade certain components.

ALWAYS replace both blades of a propeller as they are factory matched sets and balanced to provide
low-vibration operation.

Copyright © 2014 Lockheed Martin Corporation
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NOTE: The user can identify the direction the propellers should spin by looking for the smooth curved
side as an indication for the front of the blade. The trailing edge of the propellers is identified by the
sharper corners. Also, the front side of the blade is sloped higher than the back side of the blade when

installed right side up.

Trailing edge: the side
with sharp corners,

/ sloped downward \

Propeller Leading edge: the zide
rotati on with smooth curves,
direction sloped upward

3.3.2 To Remove a Propeller Set

“'1

T A
e T %
Sy ’.\.3-.,53; \.,""'\'-\‘\_ }3;\'

Step 1. Assembled.

1. Unscrew the hand prop-nut by rotating counter-clockwise. Lift the carbon prop-plate and individual
blades vertically off the prop-pins.
a. DO NOT attempt to remove the prop-pins as they are thread-locked into place.
NOTE: Each motor requires a specific directional propeller. The rotation direction is indicated by an

arrow located on the top side of each arm clip. See Section 2.1 Indago for the motor and prop directions.
Select the appropriate direction blade-set by matching the direction of the blades with the arrow direction

located on the top side of the arm clip.

Copyright © 2014 Lockheed Martin Corporation 3-6
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Motor and
prop
direction
arrow

Ensure both blades have the SAME rotation and are installed on the motor right side up.
o Check that the prop-plate is free from debris then fit over the two blades on the prop-pins.
Fasten the hand prop-nut onto motor shaft by rotating clockwise until it seats against the prop-plate.

te2.

2. Tighten prop-nut until the blades do not swing freely when vehicle is turned sideways but are still
easily folded by hand. Appropriate blade pressure is important to flight stability. Check blades for
smooth pivoting action.

3.3.3 Arm Replacement

Arm replacement is necessary when any arm component, such as a motor or carbon tube, is damaged.

Copyright © 2014 Lockheed Martin Corporation
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1. Toremove an arm, first fold the damaged arm as if for storage to expose the wire connector.
a. Remove the wire retaining O-ring on the arm clip.
b. Use a2 mm hex driver to loosen the wire connector screw until it spins freely.
c. Carefully back out the wire connector until free from the arm end.

2. Finally, loosen the clamp bolt on the arm clip with a 1.5 mm hex driver and slide carbon tube out of
the arm.

3. Anarm may be installed by first orienting it motor up, and sliding the carbon tube into the arm clip.

a. The carbon tube is slotted, so it must be rotated slightly until aligned with the arm clip keys
before seating completely.

b. Ensure tube is fully seated into the arm clip by visually inspecting the inside end of the arm
clip.

c. Secure the arm tube by tightening the clamp bolt with a 1.5 mm hex driver.

d. Carefully seat wire connector into arm clip end and tighten with a 2 mm hex driver.

e. Be sure wire connector is seated fully before tightening as misaligned connectors can bend
and break the mating pins.

f.  Replace wire retaining O-ring and check wire clearance with hinge point.

3.3.4 Arm Clip Replacement
Arm clip replacement will need to be done if any arm clips are broken or damaged.
1. Follow Steps 1-2 on Section 3.3.3 Arm Replacement to remove the arm from the damaged arm clip.

2. Unscrew and remove the hinge bolt with a 2.5 mm hex driver.

Copyright © 2014 Lockheed Martin Corporation
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Step 2.

3. Remove the arm clip and replace it with the same numbered arm clip appropriate for that arm
position.

NOTE: The arm clips are numbered on the bottom side with the number that corresponds to their arm
location. See Section 2.1 Indago for the arm numbers.

4. Reinstall the arm following Step 3 as shown in Section 3.3.3 Arm Replacement.

The entire landing gear assembly is attached to the carbon arm tube by a single 2 mm bolt.

1. Remove this bolt with a 1.5 mm hex driver to remove the leg and clip.
2. Remove the landing gear clamp by carefully flexing the opening wider and pulling it off.

NOTE: The clamp has a rubber insert that must remain aligned inside the clamp to seat properly and
provide resistance to twisting.

Copyright © 2014 Lockheed Martin Corporation 3-9
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3. When reassembling the landing gear, install the clamp with the flat face against the motor pod.

3.4 Indago Battery Pack

The Indago battery pack is designed to give the highest flight time with currently available technology as
well as smart monitoring of the battery’s performance and health (see Section 6.7.5 Battery Monitoring).
Proper care and storage will extend the battery’s performance and usable life (see Section 7 Charger for
details on proper charging, storage and care).

The battery can be inserted two ways:
1. When inserted with the connector down, the vehicle will be powered.

2. When inserted with the connector up, the battery will not power the vehicle and can be left stored
inside the battery bay.

The battery includes an LCD fuel gauge that displays the charge level. See Section 2.5 Battery to view
values of LCD fuel gauge.

Copyright © 2014 Lockheed Martin Corporation
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3.5 In-depth Preflight Inspection

Before each flight, it is important to inspect the Indago system for damage, loose parts and wear. The
Indago is a highly optimized vehicle that may not function properly or safely with damaged components.

3.5.1 Vehicle Hardware Inspection

Step 1.

Step 2.
1. Check each arm wire harness at hinge point for binding and wear.
2. Ensure wire connector is fully seated and secure.

o i

Step 3. Step 4.

3. Inspect all propellers for damage including dings, scratches, cracks or crushed midsections.

a. Always replace both blades of a damaged propeller as they are specifically factory matched.
4. Check propeller root friction by pivoting each blade about the pin.

a. Proper friction is obtained by adjusting the hand prop-nut until the blades just barely stay in
place when the vehicle is held sideways. Ensure prop-nut is firmly in place.

Copyright © 2014 Lockheed Martin Corporation
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Antenna . Bartery Hatch

Front Left
Arm Clip

", Front Right
Arm Clip

Body

Back Arm Base Video Antenna

Motor and
Mator Pod

Step 5. Step 6.

5. Check proper propeller direction on each motor. The direction of each blade should match with the
direction arrow on the top inside face of the arm clip (see Section 3.3.1 Propeller Replacement for
more detail on identifying propeller direction and how to tell they are installed right side up).

6. Spin each motor bell to ensure there is no resistance or binding.

a. Encumbered rotation could be a result of debris in the motor or a sign of a damaged motor
bell.

b. Use compressed air to blow out dirt and other foreign matter from between the rotating bell
and stationary stator.

Step 7. Step 8.

7. Pull up on each motor bell to make sure it doesn’t pull off from its base. This is to check that the
retaining clip on the motor shaft is still intact.

8. Ensure that all landing gear legs and vehicle arms are fully extended and locked into place.

Copyright © 2014 Lockheed Martin Corporation 3-12
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9. Inspect all vehicle hardware to ensure nothing is missing or loose, including:

Step 9a. The three motor pod screws on each arm.  Step 9b. The landing gear bolt on each arm.

Step 9c. Arm clip clamp bolt on each arm. Step 9d. Arm clip pivot bolt on each arm.

Copyright © 2014 Lockheed Martin Corporation
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Step 9e. All four shell screws. Step 9f. The two battery hatch hinge bolts and
nuts.

Step 10. Step 11.
10. Inspect battery compartment for foreign objects and debris.

11. Ensure payload is properly and fully seated (if necessary).

Copyright © 2014 Lockheed Martin Corporation 3-14
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3.6 Updating Kestrel 3 Autopilot Firmware

The Kestrel 3 Firmware Utility is used to copy a new firmware image onto the Kestrel 3 Autopilot.
Firmware images are delivered as *.Idr files — for example, Kestrel3 Firmware Proc Heli.ldr.

3.6.1 Quick Guide

To copy a firmware image onto the Kestrel 3, perform the following 10 steps. For more details, see the
section that follows.

Use the Kestrel programming cable to connect the Kestrel 3 Autopilot to the computer.
Connect the green wire on the programming cable.

Power up the Kestrel 3.

Launch the Kestrel 3 Firmware Utility.

Select the serial port used in Step 1.

Leave the Use Default checkbox under Pre-loader Info checked.

Specify the desired firmware image in the File: edit box under Firmware Image Info.
Press the Load button and wait until the Status box at the bottom states Success!

© o N o gk~ DR

Disconnect the green wire on the programming cable.
10. Reboot the Kestrel 3.

Copyright © 2014 Lockheed Martin Corporation
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3.6.2 Details of the Process

The Kestrel 3 Firmware Utility, with the main functional groups highlighted in different colors, is
displayed below. The descriptions that follow refer to different parts of this image.

aPrm: erus Kestrel 3 Firmware Utility

o]
e
Serial Port Selector  Seial Port [COM10 Keyspan USE Seral For ]| Losd| Corce
i Freslioader info
S ¥ Use Defeul

[ ete 0115/ 2004 Timme UEpERE

Frie: lt.\Pmcerus\iiS Firmwaare Lthts\Kedliel3 Pre-Loader Idr

Infoermation
Group
| '_FI'I'IH sare ||.n' unu'lnfu
Information Ddt:l 10/19/2008 Titne: | 15:28:28
Group .F!E_:]E:\Piomm\lﬂ Firmware Ltiity\Kestel3 Firmware Proc Hel idr

[~ Status
Status : T e ;
Loaded 0 of 0 b Load St
Information 8 i = . i
Group Status Idle

Kestrel 3 Firmware Utility.

3.6.3 Updating the Firmware
r

Lag - it
Sttasrs mamrrs

Step 1.

Step 2.
Before a firmware image can be copied to a Kestrel 3, connect Kestrel to the user’s computer with the
Kestrel programming cable.

Remove upper Kevlar shell.
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Step 3. Step 4.

w

Plug the programming cable into the Ser 1 port on the Kestrel 3.
a. The programming cable’s green wire should be connected.

4. Power up the Kestrel 3.
a. Launch the Kestrel 3 Firmware Utility using K3 Firmware Utility.exe. This program copies
the firmware image to the Kestrel 3.

5. Configure the serial port to communicate with the programming cable attached in Step 1.
a. The Serial Port dropdown (green in the image above) lists all the serial ports on the computer,
and can be used for this purpose.

6. The Firmware Utility needs to be told which firmware image should be copied to the Kestrel 3. Use
the Firmware Image Information Group (purple in the image above) to do that. Kestrel 3 firmware
image files have a *.Idr file extension that is several hundred kilobytes in size.

a. To select a firmware image, press the “...” button in the purple Firmware Information group.
For verification purposes, the firmware file’s date and time are displayed.

7. Perform the firmware image copy by pressing the Load button.
The copy happens in three stages, all of which happen automatically when the Load button is pressed.

e Stage 1 — Establish communications with the Kestrel 3 and put it in Boot Mode. This stage usually
takes 1-10 seconds, and prepares the Kestrel 3 to receive the small pre-loader. You can tell that the
Kestrel 3 is in Boot Mode when all its LEDs are off, except for the yellow Power light.

e Stage 2 — Copy the pre-loader to the Kestrel 3 and launch it. This usually takes 5-10 seconds. During
this stage, the Kestrel’s Com LED will flicker dim red and the Status Information Group (yellow in
the image above) will show how the copy is proceeding.

e Stage 3 — Copy the firmware image file to the Kestrel 3. This takes 5-10 minutes, due to firmware
image file sizes. As in Stage 2, the Kestrel’s Com LED will flicker dim red during copy; the Status
Information Group (yellow in the image above) will show how the copy is proceeding.

Note that the load should not be interrupted at this point or Kestrel 3 could be in an unbootable condition.

e To correct this, use the K3 Firmware Utility to copy the firmware image to the Kestrel 3 again.

o When the copy is complete, the Status field (at very bottom of yellow Status Information Group) will
indicate: Success! Firmware copied onto Kestrel!

8. Disconnect the green wire on the Kestrel 3 Autopilot programming cable and reboot the Kestrel.
a. The Kestrel 3 should boot normally, with the Com and Sys LEDs blinking red.

9. If the Kestrel does not boot, make sure the programming cable’s green wire is disconnected.
a. If that does not remedy the issue, repeat the copy process.

Copyright © 2014 Lockheed Martin Corporation
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4 Handcontroller Details

The Handcontroller enables functions for Indago mission planning, system monitoring, payload
operation, and manual control in one hand-held device. This section describes Handcontroller
hardware, user interface, and general operation.

4.1 Handcontroller Overview
4.1.1 Mechanical

The Handcontroller is designed with mechanical switches and joysticks for use in various ways during
Indago flight operation. The figures below provide a pictorial description, while the table lists
Handcontroller components and their functions.

Power Arm
Forward
Left -’- Right
Back
'ILAAMALA.AAGl--ll-ll‘AQ“IA.IMMIAL“I‘A&“l
/ Function
Handcontroller Switches and Joysticks.
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Handcontroller Functions

Joysticks Give the operator manual flight control of the Indago in Handcontroller guidance
modes.

Sliders Allow the operator to manually control the gimbal payload orientation.

Mode Switch Activates manual Handcontroller guidance modes.

Function Switch Determines D-Pad functional options. Also momentarily displays the Aux button
functions on the main window.

D-Pad Performs various operational functions (e.g., menu navigation, payload
interactions, initiates flight modes, etc.).

Aux Buttons Assignable buttons that allow the operator to execute a variety of functions (e.qg.,
payload interactions, etc.).

Arm Button Allows the operator to arm and disarm the Indago motors.

Power Button Powers on and off the Handcontroller. The internal blue LED indicates that the
Handcontroller is on when persistent and blinks when off to indicate charging.

4.1.2 Connectors

Handcontroller connectors are located at the bottom of the device behind water-resistant flaps as pictured
below. Connectors listed from left to right are:

Power barrel connector (11-30V DC)

Head phones

Composite video out/in jacks

Ethernet

HDMI out

USB mini (AB) for connecting a device

USB B for connecting to a computer

Auxiliary Sub D

SD card slot for loading maps and recording video

Connectors.
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4.2 Handcontroller User Interface

The Handcontroller user interface provides the operator with critical system information, live Indago
payload video, map of the operational location, and mechanisms for user input (touchscreen buttons and
gestures as well as mechanical switches). The image below shows a diagram of the Handcontroller user
interface and its components, which are detailed in the following sections.

=+ = Health Bar

Touchscreen
Buttons

Side Bar

Handcontroller User Interface.

4.2.1 Windows and Touchscreen Buttons

A map and video window for operator situational awareness (see above picture) are displayed in the top
left and bottom right of the user interface. In the above picture the video window is small and the map
window large. Note that the video and map window location and size are easily swapped by simply
pressing on the smaller of the two windows in the touchscreen.

Six touchscreen buttons located above the main window (i.e., larger of the two windows) are provided to
the operator. A set of six buttons is dedicated to both the map and video windows. These two sets of six
buttons are interchanged when the map and video windows are swapped.

The touchscreen buttons are assignable, providing the operator easy access to functions associated with
monitoring either the Indago’s video feed or the map.

Interacting with the Map and Creating a Flight Plan

The map window icons indicate the location of the Indago, Handcontroller, home, and waypoints as
shown in the figure below. Note that the current waypoint is highlighted red.

To interact with the map and create and edit a flight plan, press the touchscreen Edit button. In this mode,
the map no longer centers on the Indago but can pan with a finger drag. In addition, flight plan waypoints
can be added or edited with a double click on the screen.

Copyright © 2014 Lockheed Martin Corporation
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Handcontroller Map Window with Flight Plan.

To move an existing waypoint: First select the point with a long sustained press and then drag the point
with a finger.

o A selected waypoint is indicated with a yellow ring (see the above picture).

To unselect a point: Simply click on the map in any location other that the highlighted waypoint. The
home location can be moved in the same manner.

Series: Waypoints can be inserted into a series of points by first selecting the point prior to the waypoint
that is intended to be inserted.

o For example, if one intends to insert a point after waypoint number 2 then point 2 should be selected.
e At this point, the operator can double click on the screen at the desired location to insert a waypoint.

Editing Waypoints
An existing waypoint can be edited by double clicking on the desired waypoint.

At this point, the waypoint editor appears (see picture below). This editor allows the operator to set the
waypoint type; set the selected waypoint to the current waypoint; delete the selected waypoint; and set
altitude, airspeed, heading, and dwell time.

Copyright © 2014 Lockheed Martin Corporation
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Handcontfoller Waypoint Editor.

The editor is dismissed by again clicking on any location on the map.

All points can be edited simultaneously with the Edit All WP touchscreen button. Other touchscreen
buttons that are used in conjunction with the map window are Upload and Download, which upload the
flight plan on the Handcontroller to the Indago and download the flight plan on the Indago to the

Handcontroller.

When the video feed becomes the main window in the user interface the operator can point the payload by
clicking on the video window. The Handcontroller provides several touchscreen buttons intended to be
used with the video window.

¢ Record: Starts and stops video record on the payload and Handcontroller

e Snapshot: Takes a shapshot both on the payload and on the Handcontroller

e Video Mux: Switches the video feed from one camera to another

o FFC: Performs a flat field correction to calibrate infrared payload cameras

The following table lists the touchscreen buttons.

Touchscreen Buttons

Edit Puts the map into edit mode, which allows operator to drag the map and edit the flight
plan.

Edit All WP |Allows the operator to select and edit all of the waypoints at once.

Upload Uploads the flight plan on the Handcontroller to the Indago.

Download Downloads the flight plan on the Indago to the Handcontroller.
Starts and stops video recording both on the payload if available and on the

Record
Handcontroller.

s Takes a snapshot on the payload if available. In addition, the Handcontroller creates and

napshot . g

image from the video feed.

Video Mux Switches the video feed from one payload camera to another.

FFC Performs a flat field correction to calibrate infrared payload cameras.

Cancel Track |Cancels a vision track if a Vision Processing Unit (VPU) is integrated on the Indago.

Zoom Map Toggles between map zoom levels.

Toggle LEDs |Commands the Indago to toggle its LEDs (High, Medium, Low, Infrared, Off).

Gimbal Mode Togg_l_es the payload gimbal between POI (Point of Interest — geo pointing mode) and
Stabilized mode.

Copyright © 2014 Lockheed Martin Corporation
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4.2.2 Health Bar

Handcontroller and Vehicle Health bars are given along the top of the user interface. These bars,
contain several icons and text that indicate status of critical system components. The Handcontroller
section includes indicators for Handcontroller battery life and GPS quality (outlined in red below).

3305 PRE-FLT []ﬁ E‘ﬂ ‘@) )T Tei Hng.

4l gy T e N

The vehicle portion indicates Agent number, flight state, battery life, communication quality, GPS
quality, and vehicle altitude, speed, and heading. Note that the flight state indicator text will turn red
in a state that corresponds to armed/spinning motors.

3305 PRE-FLT []@ FE e
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4.2.3 Side Bar
Message Window and Indicators

Further status information is provided on the left side bar in the Message
window. The top of the window gives the following quick view items:

Flight time (FItTm)
Distance to home (Dst2Hm)
Battery voltage (V)

Power draw (W)

Throttle (Thr)

Below the quick view items in the Message window, warnings and critical
messages are displayed to the operator.

Three status indicator lights for vehicle motors (Mot), magnetometer (Mag),
and general guidance, navigation, and control (Gnc) are placed below the
Message window.

Indicator colors communicate status to the operator (i.e., green — good, yellow
— proceed with caution, red — unacceptable for flight).

This is followed by two text boxes that indicate current flight mode (e.g., Land, Nav, etc.) and Gimbal
Control mode.

Copyright © 2014 Lockheed Martin Corporation
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D-Pad

FitTm

The Handcontroller includes a D-Pad for executing several functions via thumb E.'"‘““"--'*

press. These functions are grouped into three sets of five options: General,
Payload, and Flight Mode.

The function rocker switch on the back of the Handcontroller toggles the D-Pad
between these groups:

¢ Releasing the function switch (default mode) activates the General Functions.
e Pressing the top side of the function switch activates the Flight Modes group.
e Pressing the bottom side of the function switch activates the Payload

Functions.

A D-Pad indicator located at the bottom of the side bar indicates active functions
that D-Pad executes with the associated press (i.e., up, down, left, right, center).

Specifications

The following tables list all available D-Pad General, Payload, and Flight Mode

functions.

General D-Pad Functions
Menu Enters menu system.
Zoom Map Toggles between map zoom levels.

Display Toggle

Toggles between large map small video, large video small map, and full screen
video.

Preflight/Failsafes

When not airborne, executes the preflight sequence (Sensor Check, Zero
Pressure, GPS Home, Joystick Check) and then displays the failsafe settings
window. When not airborne, the option only displays the failsafe settings window.

Health Displays the vehicle health window.
Payload D-Pad Functions
Snapshot Takes a snapshot on the payload if available. In addition, the Handcontroller creates
an image from the video feed.
Zoom In Gives a zoom in command to the payload.

Record Start/Stop

Starts and stops video recording both on the payload if available and on the
Handcontroller.

Zoom Out

Gives a zoom out command to the payload.

Pilot View

Commands the payload to point straight forward and give the operator a pilot view.

Flight Mode D-Pad Functions

Hover Now Puts the Indago in the hover now mode, which causes the vehicle to stop and hover in
its current location.

Follow Me The Indago will follow the Handcontroller during flight with a given standoff distance
and at the altitude in which the vehicle entered the mode.

Home Initiates the Home flight mode, which causes the vehicle to fly to the home location at
its current altitude.

Land Puts the Indago in the Land Now flight mode, which will land the vehicle in its current
location.

Nav Initiates the Nav mode, which flies the uploaded waypoint flight plan.

Copyright © 2014 Lockheed Martin Corporation
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4.2.4 Menu Navigation

As indicated, a key D-Pad function is menu navigation. Handcontroller menus are organized into two
groups: HGCS and Vehicle.

Upon entering the menu system, the user selects a highlighted option with a right press and exits menuing
with a center press. Up, down, and left presses navigate the menus as expected.

The tables below list Handcontroller and VVehicle menu options.

HGCS Options

Modem Channel Allows the operator to set the Handcontroller modem channel.
Modem Power Sets the Handcontroller modem power.

Video Channel Sets the Handcontroller video receiver channel.

Video Brightness Sets the brightness gain on the Handcontroller video feed signal.
Backlight Brightness Sets the actual Handcontroller screen backlight brightness.
Switch to External/ Switches the incoming video feed.

Internal Composite Video
Copy Map from SD Card Allows the operator to select a map located on the SD card and import it
into the Handcontroller.

Eject SD Card Saves any necessary information on the SD in preparation for an SD card
eject.

Show/Hide Lat/Long in Displays or hides text that gives the estimated latitude and longitude of the

Video center video feed pixel.

Turn Video Streaming Starts or stops streaming the video feed to the base computer.

On/Off

Show Version Shows the version information in the message window.

Information

Update Firmware from Updates the Handcontroller firmware based on files loaded onto an SD

SD Card card and then restarts the Handcontroller.

Vehicle Options

Address Displays agent numbers that have recently communicated with the Handcontroller
and allows the operator to select the Indago agent address for establishing full
communications.

Preflight Gives ability to manually perform preflight procedures (Sensor Check, Zero
Pressure, Set GPS Home, Check Joysticks).

Modem Channel Allows user to set the vehicle modem channel.

Modem Power Sets the Indago modem power.

4.2.5 Auxiliary Buttons

Auxiliary buttons provide easy access to hard buttons while the user actively flies the Indago. These hard
button functions are assignable to accommodate specific user mission needs.

Function options are: Record, Snapshot, Video Mux, FFC, Cancel Track, Zoom Map, Toggle LEDs, and
Gimbal Mode. These functions are described in the list of touchscreen buttons in Section 4.2.1 Windows
and Touchscreen Buttons.

Copyright © 2014 Lockheed Martin Corporation
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4.3 Establishing Communications

The Handcontroller automatically selects and establishes communication with the first agent that responds
to its ping.

If the operator previously set the Indago and Handcontroller to matching modem channels, then
communications should be established automatically. The user needs only to verify the agent number and
communication quality.

Setting Up the Vehicle and Handcontroller Communications

The process for setting up the vehicle and Handcontroller for communication is:
1. Power on the Indago by installing a battery.

2. Turn on Handcontroller.

3. Using the D-Pad menu system described earlier, set the modem channel of the Handcontroller to
match the channel of the Indago. If the Indago modem channel is unknown, the user can try different
channels.

4. Once the correct channel is selected, the Handcontroller will automatically establish communications.
a. If more than one agent is on a channel, the user may need to select the appropriate agent by
navigating to the Vehicle->Agent menu

5. The operator should verify the communication quality and agent number in the Health bar at the top
of the user interface.
a. For close but not too close line-of-sight range between antennas (5-50 ft), the
communications icon should indicate full green bars.

4.4 Receiving Video

The Handcontroller automatically displays video if the video channel is properly set on the
Handcontroller. The operator typically should only need to verify the quality of the video in the user
interface.

If the Handcontroller video receiver channel is not correct, the channel is changed using the menu system
under HGCS -> Video Channel.

4.5 Loading a Map

1. Load maps into the Handcontroller via the D-Pad menu system from an SD card.
a. Asingle map consists of a pair of jpeg (*.jpg) and world file (*.wf) files with the same name.
b. These files can be created using the Virtual Cockpit Map Maker Application (see Section 5.7
Creating and Loading Maps).

2. Once created, place the maps on the SD card’s main directory.
Insert the card into the Handcontroller SD card slot.

4. Load the map into the Handcontroller by selecting the appropriate map under the D-Pad menu HGCS-
>Copy map from SD card option.

4.6 Video Dissemination

The Handcontroller allows for the operator to stream video from the controller to a base station computer.
This requires installing VLC Media Player (or equivalent media player software) on the base station. Take
the following steps to set up this feature.

Copyright © 2014 Lockheed Martin Corporation 4-9
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£ VLC media player =B R

. Dpen Media

[~ File (E\' Disc | & Network Capture Device
MNetwork Protocal
Please enter a network URL:

udp://@192. 168. 168, 101:3001|

WLAM-AP-HCSS .

Connect

Shiow more options

Play v|| Cancel

Step 1. Step 3.
1. Open the base station computer’s wireless network utility and connect to WLAN-AP-HC##.

2. Start the video stream from the Handcontroller by selecting HGCS->Turn Video Streaming On menu
option using the D-Pad.

3. Display the video on the base station computer by launching VLC and then selecting Media->Open
Network Stream menu option. Type or select the following URL, and press play:
udp://@192.168.168.101:3001.

4.7 Updating Firmware

Update Handcontroller firmware by loading files from the SD card using the D-Pad menu. Procerus
provides update files contained in a folder labeled HandControllerUpdate_*. To load provided firmware
updates:

1. Load this directory, with all of its contents, onto the main directory of an SD card.
2. Insert the card into the Handcontroller’s SD card slot.

3. Load the firmware by selecting the D-Pad menu option HGCS->Update Firmware from the SD card.

Copyright © 2014 Lockheed Martin Corporation
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5 Virtual Cockpit Details

This section introduces users to the main parts of the Virtual Cockpit (VC), describes parts and
functions, and assists users in performing VC tasks.

5.1 Virtual Cockpit (VC) Overview

The VC is software that runs on a Windows® computer, and communicates with the Kestrel 3 Autopilot in
the aircraft via radio modem (usually inside the Handcontroller). Generally, users perform day-to-day
flight operations using the Handcontroller. However, users will perform advanced flight plans and low-
level configuration and setup of the system via the VC.

The VC allows the operator to configure, monitor, issue commands to the Autopilot and Commbox,
upload flight plans, and change waypoints, all while the vehicle is airborne. The VVC is generally installed
on a laptop computer for portability.

Copyright © 2014 Lockheed Martin Corporation
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The figure below shows the VC main screen. It displays the most frequently used buttons and status information for flying the aircraft and for use

during preflight.

2. FBW Display

3. Menu Bar

5. Flight State Display

4. Motor Armed Button

6. Mode Button Group

7. Advanced Modes Group

8. Payload Modes Group

9. Agent List

10. Artificial Horizon

11. Message Window

12. Pre-flight Group

VC Main Screen.

1. Indicator Lights

15. Map and Flight Plan Display

[y Procerus Virh al Ce- “:pit (TM) for | lovering Craft

S <

ofor

CoM:

Follow UAY T~ UAV Tral
Show Gid v Gimbal Info
Agentinfo T Camera View
MavDebug ¥ Navinfo
Wind

Zero Press. | GPS Home | Check Sensors| FS : |67. 3308 137.70

2200-0.-N

13. Lower Map Pull-out

14. Right-hand Map Pull-out
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Primary Elements of the VC Main Screen

1.
2.

10.
11.
12.

13.

14.
15.

Indicator Lights — These give an overview of key vehicle systems status.

FBW Display — Displays the current Fly By Wire (FBW) mode. Typical values are Manual, Altitude,
Position, etc.

Menu Bar — Drop-down menus give access to many of the frequently-used VC functions.

Motor Armed Button — Arms the motors immediately before takeoff. Also displays the current
Armed status.

Flight State Display — Displays the current state of the aircraft’s mission. Typical values are
Preflight, Disarmed, Airborne, etc.

Mode Button Group — Used to set the Kestrel 3 Autopilot’s flight mode (Home, TakeOff, Nav, etc.).
Also displays the current mode with a green highlight.

Advanced Modes Group — Set of configurable buttons that lets the user put the Kestrel 3 Autopilot
into advanced modes, like Pitch, Deep Stall, PID, Convoy, GPS Sim, etc.

Payload Modes Group — Set of configurable buttons that lets the user control various payload
functions. Also displays associated mode information. Note that most of the functions control
cameras.

Agent List — Displays information about the current agent, such as communications quality, battery
voltage, altitude, etc. To select an agent, click anywhere on the row corresponding to the desired
agent. The background will turn blue for the selected agent.

NOTE: Screenshot at right shows two

agents, with the first agent selected. Once
an agent is selected, the VC interface Addres | Com | Batt|  Altitude Airspd | S F'~C
corresponds with that agent. This (13016

includes all autopilot-specific setup W 3027 ImHAL -6.8 mfs
screens, UAV Modes buttons, map
overlays, Flight Plan, etc.

Artificial Horizon — Indicates attitude and status information about the aircraft.
Message Window — Shows informational, warning, and error messages about the system.

Pre-flight Group — Contains buttons the operator uses to perform common preflight steps — Zero
Pressure, GPS Home, Check Sensors, and FailSafes.

Lower Map Pull-out — Controls for manipulating the Fight Plan, as well as a list of all the flight
items.

Right-hand Map Pull-out — Misc in-flight controls for the Kestrel 3 Autopilot and the vehicle.

Map and Flight Plan Display — A graphical representation of the flight plan, superimposed over a
map.

5.1.2 Map and Flight Plan Display

The Map Window occupies the center of the VC Main Screen. It monitors the position and navigational
status of the aircraft and manages the flight plan. The Map displays the position of the agent and its flight
items (Waypoints, TakeOff, etc.). It also shows status information, wind, gimbal position, etc., as shown
in the figure below. Users can customize and configure the map using the F7 Map Settings window.

Copyright © 2014 Lockheed Martin Corporation
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[ 6 Waypoint

| 2. Home

[ 9. Gimbal Target [ 6 AcaWappont | | 10. Upload Indicator

11. Nav Debug
12. Gimbal
13W|“d
14, Nav Info
15, Spider
16 Mapscab i 1333 m 4 -' E I

R lal +] #x
Spd (mis) ) Eas{(m)  Time/Index Radws(m) =
.63.$

| - ﬁ [Fwn!d'-

253.p2 .
455.5———1 17. Handle for Lower Map Pull-out |

369.03 100.0

| 3. Rally [ || 5. Takeoff |
| 4. Land | UAV002
VC Map and Flight Plan Display.
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VC Map and Flight Plan Display Functions

1. The Aircraft — Icon shows the position and orientation of the aircraft and the direction of travel.
2. Home - Icon shows where the vehicle returns to on certain failsafe settings and guidance modes.
3. Rally — Icon shows a secondary land point for the vehicle, used by failsafes and guidance modes.
4

Land — Where the vehicle is expected to stop/hit the ground when user puts it into Land Waypoint
mode.

Takeoff —~When a Vertical Take-Off and Landing (VTOL) is launched, it goes to this location after
reaching the takeoff transition altitude.

Waypoint — A generic waypoint — see Section 5.3.2 Generic Waypoints.
Panorama — A waypoint that the vehicle orbits while taking pictures — see Section 5.4.1 Panoramas.
Area Waypoint — A search pattern that the vehicle flies. See Section 5.4.2 Area Waypoints (AWP).

Gimbal Target — In certain modes, the gimbal points at this location, which users can drag around
the map with the mouse.

10. Upload Indicator — When this is blinking, it means the VC and the Kestrel 3 Autopilot are out of
sync. The user has edited the flight plan and now needs to upload it to the Kestrel 3 by pressing this
button, so the changes are applied to the Kestrel 3.

11. Nav Debug — Additional telemetry available from the Kestrel 3 Autopilot.
12. Gimbal — Current status of the gimbal onboard the vehicle.

13. Wind - Estimated wind speed and direction, if applicable.

14. Nav Info — Additional telemetry available from the Kestrel 3 Autopilot.

15. Detailed Vehicle Health (Spider Display) — Health status of the vehicle and the four speed
controllers. Shows offsets (deviations from the average) of current, temperature, and thrust for each
arm.

16. Map Scale — Current scaling of the map.

17. Handle for Lower Map Pull-out — Click here to display/hide the lower map pull-out, which gives
information about the flight plan.

18. Handle for Right Map Pull-out — Click here to display/hide the right-hand map pull-out, which
contains overrides, payload controls, etc. Use the View main menu entry to choose what is shown in
this pull-out.

o

© © N

19. Hover Here Now — Appears as this symbol: (not shown in image above). This icon appears on
the map when the Hover guidance button is pushed. After that, it can be dragged on the map to
change where the vehicle is hovering.

Basic Icon Functions

Following are details about the Map and Flight Plan Display.

Overlays — Various overlays can be turned on and off using check-boxes in the right-hand map pullout.
These include: Nav Debug, Gimbal Info, flight control arrows, Wind info, Nav info, the Spider display,
Agent Info, and the Camera view (flashlight).

Upload Indicator — Appears (and blinks red) when the user has modified the flight plan and those
modifications have not been uploaded to the Kestrel 3 Autopilot. Click on this indicator to upload the
flight plan and get the Kestrel and the VC back in sync.

Flight Plan — Icons on the map show the positions of the various flight items, including Takeoff,
Waypoint, Panorama, Area Waypoint, Rally, and Land points. Flight items are added by right-clicking on
a blank part of the map and selecting Insert Commands.

Copyright © 2014 Lockheed Martin Corporation
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By default, a command is inserted at the end of the flight plan. However, if a flight item is selected
(blinking blue), then the new item will be inserted into the flight plan after the selected item.

Multiple waypoints can be quickly added by either clicking the Add Waypoint icon (ﬂ) in the lower
map pull-out and then clicking on the map, or by holding down the CTRL key while clicking on the map.
Alternatively, waypoints can be added by right-clicking anywhere on the map and inserting a command.

Route — A closed cycle of flight items makes up a route. The last item in a route is always a Goto
command, which tells the UAV which command to jump to in order to restart the route. On the map
display a route appears as a set of connected waypoints and loiter points that form a loop.

To Create a Route

1. Add a series of waypoints and loiter points to the map.
a. The VC automatically connects these points to form a route.

2. Upon adding all desired points, right click on the map.

3. Select Insert Commands->Finish Route.
a. This causes the VC to add a Goto command after the last route item.
b. The Goto command causes the UAV to return to the first item in the route and then continue
executing the route.

4. Once aroute is finished, add a new route by adding flight items to the map.
a. During flight, the UAV will continue flying its current route until the operator commands it
to execute a new route.

Pull-out Icon Functions

Icon Title Function

At bottom of map; displays a representation of

the current flight plan in table format, with

= Lower Map . : .

'. j ‘ Pull-out numerlca_l rep_resentatlons of_ important features
of each flight item. See Section 5.3.1 Flight

Plan for more information.

I—_l' - e . : For loading and saving flight plans to disk, and
Uniitled EIEI Mlﬂl e grovping up/downloading them from the vehicle.

Displays the “current” command in the flight

Crnd ﬂl_ Cmd plan and allows changing the current
command.
Wl Waypoint Controls payload behavior at the flight
Window items/waypoints.
Wﬂlglﬁél Editing Group ,:\nsa'.spléts in editing/placing flight items on the
For changing order of flight items within the
ilil EI Order Group  iapje. or deleting flight items from the table.

Contains layers control for displaying different

resolution maps. Also contains overrides:

e Enabled override: Allows forcing the

& Right-hand Map aircraft to a different Altitude, Airspeed, or

Pull-out Heading (VTOL only).

e Disable override: Kestrel 3 Autopilot
returns to its current desired altitude,
airspeed, or heading.
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5.1.3 Menu Bar

e \View Agents Settings Commanad Help
The Menu bar is along the top of the main VC window, to the left of the Indicator Lights.

o File — Allows the user to load and save the current flight plan to disk, and load and save the aircraft’s
complete set of settings to disk (as an XML file).

e View — Allows the user to change displayed units in the VC, add/remove items from the right-hand
map pull-out, display the Replay Window, and choose what is shown in the Advanced Modes group
and the Payload Modes group.

Agents — Allows the user to select which agent is controlled by the VC.

e Settings — Shortcuts to the various F5, F6, and F7 settings screens.

Command - Another way of changing the current flight mode, in addition to the Flight Mode
buttons.

o Help — Gives access to the Help window and shows version information.

5.1.4 F6 Commbox Screen

This screen allows the user to set the modem channel when using Microhard modems. See Section 5.2
Establishing Communications. For 3DR modems, use the APMPIlanner2 application to change channels.
To access this screen, press the F6 key from the VC main screen. For 3DR modems, use the
APMPIlanner2 application to change channels. See Appendix C: 3DR Modem.

5.1.5 F7 Comm and XML Settings Screen

The top section of this screen is used to set up comms with the agent. See Section 5.2 Establishing
Communications for details. The rest of this screen holds default values for many VC functions. For
example, when a new VTOL waypoint is created, the values for that waypoint come from the Waypoint
Defaults for Helicopters section of this screen.

To access this screen, press the F7 key from the VC main screen and select Comm and XML Settings at
left.

5.1.6 F7 Map Settings Screen

This screen allows adding maps to the VVC for display on the main map screen and to control which maps
are displayed. Other controls allow the user to adjust the map screen’s settings. For a description of how
to create new maps, see Section 5.7 Creating and Loading Maps.

To access this screen, press the F7 key from the VC main screen and select Map at left.

Copyright © 2014 Lockheed Martin Corporation
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5.2 Establishing Communications
Several methods exist for using the VC to communicate with a Kestrel 3 Autopilot.

e The primary method (used for flying) uses the Handcontroller, which communicates with the Kestrel
3 Autopilot over the air using two Microhard modems. One is installed in the Handcontroller and the
other is attached to the Kestrel 3 Autopilot. The Handcontroller communicates with the VC (running
on a PC) via USB cable or WiFi.

e Another communication method (not used for flying) involves connecting the PC computer directly to
the Kestrel 3 Autopilot via cable. This method does not require the Handcontroller, but it prevents
flying, since there is a cable between the PC computer and the Kestrel.

5.2.1 Communications Over WiFi

The Handcontroller contains a WiFi access point. PCs equipped with WiFi hardware can connect to this
access point using the same Windows® controls that connect PCs to WiFi internet access points. Once this
connection is established, the user can configure the VC to communicate with the Handcontroller over the
air, rather than via USB cable.

Global Settings

I, Global Settings

— Communications |

Virtual Cockpit (F7)  Hide Unave

) ﬂl Part:
» Comm and XML Settings
Video Settings B aud:
Map Settings
Manual Contral
Wamings
Image Matcher Mame

— Settings Stared ir

DTN Toeninn Sad

Step 1.

To set up this configuration, prepare the VC to communicate via WiFi:

1. Inthe VC, navigate to the F7 Comm and XML Settings screen.

a. Use the F7 key to bring up the Global Settings window.

b. Select Comm and XML Settings in the upper left-hand corner.
UDP Settings

JDF Settingz

UDP Source Part UDP Sink
ource Port: 20003 Femote Part 20003

UDP Sink Port UDP Sink
nkPot: 20003 2R SMR qgp 183.168.100

Enable IDP (s

Steps 2 and 3.
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2. Inthe UDP Settings group, check the Enable UDP checkbox.
3. Configure the UDP settings as depicted.
NOTE:

e After making changes in this UDP Settings group, restart the VVC for the changes to take effect.
o When Enable UDP is checked, the VC closes the comport and greys-out the Communications Port

group.
WiFi Access

y |
WLAN-AP-HC55 e

Marne: WLAN-AP-HC55
Signal Strength: Excellent
Security Type: WPAZ-PSK

ewlan

mwlan Radio Type: 802.11g

i SSID: WLAN-AP-HC55
nonimuser o
" A

Open Metwork and Sharing Center

Step 4.

4. Connect the PC computer to the WiFi access point inside the Handcontroller.
a. Ensure the Handcontroller is turned On.

5. Open the computer’s wireless network utility and connect to WLAN-AP-HC## (Handcontroller’s
access point).

Verify Connection on Main VC Screen

03131

Ky Warning - configuration information
missing!

Steps 6 and 7.

Verify that a connection is made by:
6. Returning to the VC’s main window.

7. Confirming that the status window displays a Commbox-HC entry (see the blue arrow in above
graphic).

Copyright © 2014 Lockheed Martin Corporation 5.9
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5.2.2 Comms Over a USB Cable

The Handcontroller contains hardware that emulates a pair of serial ports. When connected to a PC
computer (using a USB cable), these serial ports appear in Windows. One of these ports is used to
communicate with the VC, and the other is used for advanced configuration and development. This
connection mode requires a cable between the Handcontroller and the PC, but it works with PCs that do
not have WiFi hardware.

Setting up the Configuration
1. Connect the Handcontroller to the computer via USB cable.

a. Use the USB jack on the Handcontroller (see Section 2 System Overview for photo showing
location of Handcontroller jacks).

2. Be sure the Handcontroller is turned on (or the user won’t be able to open the appropriate comport in
the VC).

3. Open the VC on the PC computer.
4. Navigate to the F7 Comm and XML Settings screen (see Section 5.2.1 Communications Over WiFi).
UDP Settings

UDP Settings

UDP Source Fot: | DoRSmEl ]
ource Fort: |20010 Femate Port: 20011

UDF Sirk Port: | oPSink 25 34, 5 3¢
irik: Far 20000 Femate B 23.34. 5 .34
[ Enable UDP

Step 1.
1. Atthe top of that screen, in UDP Settings group, ensure the Enable UDP checkbox is NOT checked.
NOTE:
o If the Enable UDP checkbox was changed, restart the VC for changes to take effect.
Communications Port (Comport)

Global Settings — —— “

. Communications Port
irtual COCI(plt {F7) Hide Unavailable Ports

o0 ’ Open ] Part; IEDM‘I Carmmt.
» Comm and XML Settings COMI Communi
Video Settings Close | Baud: [EETYEIIEEEED
Map Settings
Manual Cortral : ;

Wamings Settingz Stored in XML
Image Matcher Mame
PID Tuning Settings:
Step 1.

Continuing on the same F7 screen as the previous step:

1. Open the comport by selecting the correct port in the Port dropdown in the Communications Port
group.

Copyright © 2014 Lockheed Martin Corporation
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NOTE:

o If the serial port is available, it automatically opens upon selection from the drop-down list.

e If the serial port does not open, it is either in use by another program or not functional.

o When the Handcontroller is attached to the PC computer via USB cable, two comports appear.
Usually, the correct item is higher numbered.

COM Indicator

Fre-Flight -
|Eern:| Fress. | | GFS Hn:nme| |Ehec:k Sensars” FS |

wnc: COM24 115200-8-N-1

Steps 1 and 2.
With the comport open, the COM## indicator, bottom left corner of the main screen, is no longer red.
Verify the connection is working by:
1. Returning to the VC’s main window.

2. Seeing that Commbox-HC shows up in the status window (see last image in Section 5.2.1
Communications Over WiFi).

NOTE: If the status window says Commbox No Comm, try selecting a different comport on the F7
screen. The VC will automatically open the last serial port used by default.

Commbox XTI

5.2.3 Using the Kestrel Programming Cable

This communication method connects the PC computer directly to the Kestrel 3 Autopilot using a cable.
This method does not use the Handcontroller, and is not valid for flight operations.

To use this mode of communication, connect the Kestrel to the PC computer as described in Section 3.6.3
Updating the Firmware, with the following exceptions:

e Do not connect the Kestrel 3 Autopilot programming cable’s green wire.
o Plug the Kestrel 3 Autopilot programming cable into the modem port on the Kestrel 3, not the Ser 1
port.

NOTE: To configure communications in the VC, use the same method as described in the above section.
EXCEPTION: The comport should be the same one the Kestrel programming cable is plugged into. Since
there is no commbox/Handcontroller attached, the status window will say Commbox No Comm. This is

expected behavior, and not an error.
m Ho Comm.

With the correct agent selected in the agent list (see next section), communications should function —
assuming the port is open and the Kestrel 3 Autopilot is powered up.

Copyright © 2014 Lockheed Martin Corporation
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5.2.4 Selecting an Agent

For the VC to communicate with a Kestrel 3 Autopilot, that Kestrel needs to be in the list of “active”
agents above the Artificial Horizon.

Artificial Horizon

List of Agents above Artificial Horizon.

To control which agent(s) are in that list:
1. Press F4, or click the Agents dropdown to open the Edit Agent List.

File View BEGEGEH Settings  Command  Hely

Edit Agent List ¢

Polling Type 2

Adwvanced Modes
[ Corwop |[ Targeting || PID |

I Papload Modes

Edit Agent List Dropdown.
To make an agent appear in the Active Agents List above the Artificial Horizon:
2. Check that agent’s checkbox in the On column.

Copyright © 2014 Lockheed Martin Corporation 5.12
All Rights Reserved



r = r 5
_?'d' Indago User Guide LOCKNEED MARTIN f$
Proverus Techwologies, LC,

Edit Agent List x|
on | AdrISN| Namel Color| \.ﬁd.Ch.| Type | Vehide Type |
[ 303 Uwi % 0 K3 v|[FixedWing v
[ 103 No Name- 0 K2 v|[Fied Wing ~]
[v | 313 No Name v o0 IKBjIHe]i—Procems j
[~ w32 DEfBU|t- 0 ij Heli-Procerus j
[ 3119 Novame % 0 [K3 v|[Fied Wing |
r v K2 »||Fied Wing |

(]2 | Cancel |
Finging agents...
31 36--responded ta ping [Kestrel 3 Helicopter Procenus) ;I
Re-ping zent...
3136--responded ta ping [Kestrel 3 Helicopter Procenus)
Re-ping sent...

Making an Agent Appear in Active Agents List.

NOTES:

e The serial number (Adr/SN), Kestrel Type, and Vehicle Type must all be correct in order for
communications to function with that agent.

o If the user’s vehicle is not listed:

— Add it to the list by filling in the bottom (blank) row with at least the serial number (Adr/SN),
Kestrel Type, and Vehicle Type.
— Then make that vehicle active by checking its On checkbox.

o If the VC has comms with a Kestrel 3 Autopilot, it appears in the Pinging Agents list. For example, in
the picture above, the VVC currently has comms with a Kestrel 3 Autopilot (serial number 3136),
which happens to be configured for a helicopter.

o If no Kestrels appear in the ping list, validate that everything (the vehicle and the Handcontroller, if
needed) is powered up.

e Also, check that all needed cables are connected. In some instances, a vehicle reboot helps establish
communications.

e To communicate with the Kestrel 3 Autopilot over radio (via Handcontroller), unplug the Kestrel
programming cable from the Kestrel; its presence can prevent the radio from functioning correctly.

5.3 Basic Mission Planning

The Map window, described in Section 5.1.2 Map and Flight Plan Display, in the VVC can be used to
monitor the position and navigational status of the UAV and manage the flight plan. Flight plans are
made up of zero or more flight items, such as waypoints (of various types), panoramas, loiters, loop
commands, and perhaps a takeoff and/or rally and land point (depending on the aircraft type).

The map displays the position of all agents and their flight items. Each agent, and associated set of flight
items, has a unique color (which the user assigns on the Add Agents window — see Section 5.2.4 Selecting
an Agent). The information in the flight plan, status, wind, and keyboard control is for the selected agent
only.

5.3.1 Flight Plan

The Flight Plan lists all flight items associated with a particular agent. The flight plan can be viewed in
list form using the “pull out” control at the bottom of the map window. The following types of commands
are supported:

Copyright © 2014 Lockheed Martin Corporation
All Rights Reserved

5-13



r = r 5
_?'{" Indago User Guide LOCKNEED MARTIN f$
Proverus Techwologies, LC,

Zero or one of the following:

e Takeoff (optional for VTOL)
o Rally Point (always associated with a Land Point)
e Land Point (optional for VTOL)

Zero or more of the following:

Waypoint

Area Waypoint (a search area)
Loiter (Fixed Wing only)
Hover (VTOL only)
Panorama (VTOL only)
Goto/Loop Command

All commands except the Goto command have an associated altitude and airspeed. These values can be
changed by double-clicking on the flight item’s icon on the map or by editing the value in the Flight Plan
window (lower map pull-out).

To add a command to the flight plan, perform either of the following:

e Right-click on the Map window and select Insert Commands.
e Orclick in a blank row in the Flight Plan window.
— Then select a flight item type from the Type dropdown menu.

Multiple waypoints can be quickly added by either clicking the add waypoint icon (ﬁ) in the lower map
pull-out and then clicking on the map, or by holding down the CTRL key while clicking on the map.
Understanding and Creating a Route

A closed cycle of flight items makes up a route. The last item in a route is always a Goto command,
which tells the UAV which flight item to jump to in order to restart the route. On the map display, a route
appears as a set of connected flight items that form a loop.

To create a route:

1. Add a series of flight items to the map.
a. The VC automatically connects these points to form a route.

2. When all desired points are added, right-click on the map and select Insert Commands->Finish Route.
a. This causes the VC to add a Goto command after the last route item.

b. The Goto command will cause the UAV to return to the first item in the route and then
continue executing the route.

3. Once aroute is finished, a new route can be added by adding flight items to the map.

During flight, the UAV will continue to fly its current route until the operator commands it to execute a
new route by right-clicking on an item in the desired route in the Flight Plan window and selecting “Set as
Current Command,” or by right clicking on the desired item and selecting “Set as current command.”

Upload Function

After the flight plan is entered:

1. Use the Upload button in the Flight Plan Tools.
2. Or, click the Upload Indicator button on the Map.
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3. Or, right-click on the map and select Upload Flight.
a. The flight plan is executed when the Kestrel 3 Autopilot is in Nav Mode.
b. All flight items (except the loop) have an associated legal position given in latitude and
longitude.

c. For user convenience, a separate field for relative waypoint placement is given. This position
indicates the position of the waypoint relative to home in meters north and east.

Goto/Loop Items

A Goto instructs the Kestrel 3 Autopilot to jump to a different flight item in the flight plan. Gotos can be
edited using the lower map pull-out or by double-clicking on them. In the lower map pull-out, the
Time/Index column gives the Goto’s destination — flight item number that becomes the next flight item
when the Goto is encountered while flying the flight plan.

5.3.2 Generic Waypoints

A generic waypoint is a location to which the vehicle will fly before it continues to the next flight item in
the flight plan. To add a generic waypoint to the map:

1. Right-click on the map.
2. Choose Insert Commands/Waypoint.
3. Or left-click on the map with the control key held down.

| waypoint1 =
Spd (m/s) Alt HAL (m) Latitude (DEG)
5.0 |67.5 40,2879997
Payload ~ Alt Rate (m/fs) Long (DEG)
Payload Window | 2 -111.7344073
Marth {m) East (m)
17.98 9,25
Term Mode Hover Time (sec)  Howver Hdg (deq)
Hover j 0 (infinite) 0.00
Transit Mode Transit Hdg (deg) Hov Hdg Mode
Fired =] 0.00 Fired -

Parameter Editor — Generic Waypoints.
To bring up the parameter editor:

4. Double-click on the waypoint icon on the map.
a. This brings up the parameter editor, which allows customizing of the waypoint.
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Primary Waypoint Functions

Following are the fields of the parameter editor when a waypoint is selected:

Spd - Determines aircraft ground speed (airspeed for fixed-wing aircraft) as it approaches the
waypoint (i.e., while traveling from the previous item in the flight plan to this waypoint).
Alt (Height Above Launch) — Aircraft will attempt to reach this altitude by the time it reaches this
point. If the Kestrel 3 Autopilot does not actually reach this altitude when it reaches this waypoint’s
lat/long, it just proceeds to the next flight item as if it had reached this altitude.
Latitude and Long — Position of the waypoint in degrees latitude and longitude. There are several
ways to influence this position: 1. Type the desired numbers into these boxes; 2. Type it into the
waypoint’s line in the lower map pull-out; 3. Drag the waypoint icon on the map; 4. Adjust North and
East settings.
Payload — Button opens a window for specifying details of the camera payload used in this waypoint.
This window is discussed in further detail in Section 5.4.2 Area Waypoints (AWP), in the subsection
entitled Payload Popup Window.
N Alt Rate — Value that dictates rate at which the vehicle will climb/descend in order to reach the
desired altitude specified above.
North and East — Value that determines how far north and east of Home the waypoint is located.
This is useful if the operator needs to specify the position of the waypoint with respect to the Home
position.
Transit Mode and Transit Heading — Define the heading behavior while approaching this
waypoint’s position.
— Hold Prev = Maintain whatever heading the aircraft already had.
— Fixed = Yaw the aircraft to Transit Heading.
— Bearing = Immediately yaw the aircraft to point at this waypoint's position.
— Bearing @ speed = Yaw the aircraft to point at this waypoint's position after reaching a minimum
speed.
— Transit heading is ignored if Transit Mode is not set at Fixed.
Term Mode and Hover Time — What to do when the aircraft approaches the waypoint's position.
Blend = Cut the corners/pre-turn.
Pass Through = Pass over the waypoint’s position and then continue to the next flight item w/o
stopping.
Hover = Fly to the waypoint and then hover for Hover Time seconds (zero means hover forever).
— Hover time is ignored if Term Mode is not Hover.
Hover Hdg Mode and Hover Heading — Define the heading behavior while hovering at the
waypoint. These apply only if Term Mode is Hover:
— Hold Previous = Maintain whatever heading the aircraft had when it started hovering.
Fixed = Yaw the aircraft to Hover Heading during the hover.

Copyright © 2014 Lockheed Martin Corporation
All Rights Reserved

5-16



r = r 5
_?'-d' Indago User Guide LOCKNEED MARTIN f$
Proverus Techwologies, LC, -

5.3.3 Takeoffs

1.

Takeoff Point k|
Spd (mjs) Alt HAL {m) Latitude (DEG)
2.0 |57.8 40,2390531
How Hdg Mode How Hdg (deg) Long (DEG)
Fized j 0.00 -111,7339856
Marth {m]) East (m)
-56.95 187.20
Climb Hdg Mode Climb Hdg (deg) Trans Alt HAL {m)
Fixed j 0.00 2.000000
Transit Mode Transit Hdg (deg) -~ Alt Rate (m/s)
Fired =] 0.00 1
Auto Trans Payload
I_ to NAY Mode Payload Window I

Parameter Editor — Takeoff.

The takeoff point is the location to which the aircraft automatically flies after it is launched.
a. Depending on how the takeoff point is set up, the aircraft either waits at the takeoff point
until it is put into a different mode, or it will automatically transition to NAV mode once the
takeoff point is reached.

Takeoff Point Menu Functions

Here are the fields of the parameter editor when a Takeoff Point is selected:

Spd: Determines aircraft ground speed (airspeed for fixed-wing aircraft) as it approaches the takeoff
point.

Alt (Height Above Launch): The aircraft will attempt to reach this altitude by the time it reaches this
point. If the Kestrel 3 Autopilot does not actually reach this altitude when it reaches this lat/long, it
continues to gain altitude at this location until the specified altitude is reached (if Auto Trans to NAV
Mode is not selected).

Latitude and Long: The position of the takeoff point in degrees latitude, longitude. There are many
ways to influence this position:

— Type the desired numbers into these boxes.

— Type it into the takeoff item’s line in the lower map pull-out.

— Drag the takeoff’s diamond icon on the map.

— Adjust the North and East settings.

Hov Hdg Mode and Hov Hdg: Defines heading behavior after the aircraft has reached the takeoff
point and is hovering there.

— Hold Previous = Maintain whatever heading the aircraft had when it started hovering.

— Fixed = Yaw the aircraft to Hover Heading during the hover.

North and East: The value that determines how far north and east of Home the takeoff point is
located. This is useful if the operator needs to specify the position of the takeoff with respect to the
Home position.

Climb Hdg Mode and Climb Hdg: Define the heading behavior while the aircraft is climbing to the
takeoff transition altitude.

— Hold Prev = Maintain whatever heading the aircraft already had.

— Fixed = Yaw the aircraft to Climb Heading.
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— Bearing = Immediately yaw the aircraft to point at the takeoff's position.
— Climb heading is ignored if Climb Heading Mode is not Fixed.
e Trans Alt HAL: The altitude above launch when the aircraft will begin moving towards the takeoff
position.
¢ Transit Mode and Transit Hdg: Defines heading behavior while the vehicle is moving to the
takeoff location.
— Hold Prev = Maintain whatever heading the aircraft already had.
— Fixed = Yaw the aircraft to Transit Heading.
— Bearing = Immediately yaw the aircraft to point at this waypoint's position.
— Bearing @ speed = Yaw the aircraft to point at this waypoint's position after reaching a minimum
speed.
— Transit heading is ignored if Transit Mode is not Fixed.
¢ /N Alt Rate: This value dictates the rate at which the vehicle will climb during takeoff.
e Auto Trans to NAV Mode: Put a checkmark here to have the aircraft switch from Takeoff mode to
Navigation mode as soon as the takeoff point and takeoff altitude are reached.
— If the takeoff point is reached before the altitude, the aircraft will hover at the takeoff point until
the altitude is achieved. Then it will switch to Navigation mode.
— No checkmark means the aircraft hovers indefinitely at the takeoff point — until the user changes
to Navigation mode or some other mode.
e Payload: This button opens a window for specifying details of the camera payload used in this
waypoint. This window is described in Section 5.4.2 Area Waypoints (AWP), in subsection entitled
Payload Popup Window.

5.3.4 Rally/Landings

The landing point indicates where the aircraft will land when put into Land Waypoint mode, or when a
failsafe that sends the aircraft to the landing point is triggered. The rally point acts as an alternative
landing point, which can be used by the various failsafes.

Putting the aircraft into Land Waypoint mode sends it to the land point and altitude. When the vehicle
arrives at that point, it descends straight down to the ground and turns off the motors. Putting the vehicle
into Land Now mode, on the other hand, makes it land at its current location — it stops moving
horizontally and descends straight to the ground at its current location.

Landing Point £
Speed (m/s) Alt HAL (m) Latitude (DEG)
2.0 5.0 | 402881532
Transit Mode TransitHdg (deg) Long (DEG)
Fized j 0.00 -111.7348661
Morth {m) East (m)
10.29 6.22
Descent Mode Descent Hdg (deg) -~ Alt Rate (m/fs)
Fixed =] 0.00 5
Payload
Payload Window |

Parameter Editor — Landing Point.
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The above figure shows Landing Point settings. Following are descriptions of the elements in this
window, as used by Land Waypoint mode.

Speed: Determines aircraft ground speed (airspeed for fixed-wing aircraft) as it approaches the land

point.

Alt HAL.: Altitude to which the vehicle will ascend/descend to, while approaching the land point. See

next subsection, Altitude Behavior of the Land Point, for more details on the altitude behavior of the

land point.

Latitude and Long: The position of the landing point in degrees latitude, longitude. The following

options exist to influence this position:

— Type the desired numbers into these boxes.

— Type the desired numbers into the landing’s line in the lower map pull-out.

— Drag the landing’s X icon on the map.

— Adjust the North and East settings.

Transit Mode and Transit Hdg: Define the heading behavior while approaching the landing point’s

position.

— Hold Prev = Maintain whatever heading the aircraft already had.

— Fixed = Yaw the aircraft to Transit Heading.

— Bearing = Immediately yaw the aircraft to point at the land point’s position.

— Bearing @ speed = Yaw the aircraft to point at the land point’s position after reaching a
minimum speed.

— Transit heading is ignored if Transit Mode is not Fixed.

North and East: The value that determines how far north and east of Home the land point is located;

useful if the operator needs to specify the position of the landing with respect to the Home position.

Descent Mode and Descent Hdg: Defines the heading behavior while descending at the landing

point. Mode:

— Hold Previous = maintain whatever heading the aircraft currently has.

— Fixed = Yaw the aircraft to Descent Heading during the descent.

~ Alt Rate: Value that dictates the rate at which the vehicle will descend.

Payload: Button opens a window for specifying details of the camera payload used in this waypoint.

This window is discussed in Section 5.4.2 Area Waypoints (AWP), in subsection entitled Payload

Popup Window.

Altitude Behavior of the Land Point — Aircraft is Higher than the Land Altitude

If the aircraft’s altitude is higher than the land point’s altitude setting (Alt) when the user puts the Kestrel
3 Autopilot into Land Waypoint mode, the Kestrel will try to descend at a rate putting it at Alt just as it
arrives at the land point’s position.

To do this, the Kestrel 3 Autopilot computes the vertical and horizontal difference between its current
location/altitude and the land point’s location/Alt, and computes a descent rate with the vehicle arriving at
Alt at the same time it arrives at the landing point’s position.

If this computed descent rate exceeds the maximum allowed descent rate, then the maximum allowed
descent rate is used.

This means the aircraft is still too high when it arrives at the land point’s position (it will still be
higher than Alt). Therefore, the aircraft will continue descending at maximum allowed descent rate
until Alt is reached.

At this point, the descent continues, but at the land point’s * Alt Rate — until the aircraft touches the
ground and turns off its motors.
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Altitude Behavior of the Land Point — Aircraft is Lower than the Land Altitude

If the aircraft’s altitude is lower than the land point’s altitude setting (Alt) when the user puts the Kestrel
3 Autopilot into Land Waypoint mode, the Kestrel will climb at the maximum allowed climb rate while
moving toward the land point until it achieves Alt. Then it will fly to the land point’s position while
maintaining Alt.

When the land point’s position is reached, the aircraft descends at the land point’s ~ Alt Rate, until the
aircraft touches the ground and turns off its motors.

Rally Point £
Speed (m/s) Payload Latitude (DEG)

2.0 Payload Window | 40,2882063

Transit Mode Transit Hdg (deq) Long (DEG)

Fized j 0.00 -111.7346408

Marth {m}) East (m)

15.14 25,32

Hover Mode Howver Hdg (deg)

Fixed =] 0.00

Parameter Editor — Rally Point.

Following are rally point settings, used when a failsafe triggers that performs a Rally Land.

Speed: Determines the aircraft ground speed (airspeed for fixed-wing aircraft) as it approaches the

rally point.

Payload: Button opens a window for specifying details of the camera payload used in this waypoint.

This window is discussed in Section 5.4.2 Area Waypoints (AWP), in subsection entitled Payload

Popup Window.

Latitude and Long: Position of the rally point in degrees latitude, longitude. Several methods exist

to influence this position.

Type the desired numbers into these boxes.

Type these numbers into the rally point’s line in the lower map pull-out.

Drag the rally’s diamond icon on the map.

Adjust the North and East settings.

Transit Mode and Transit Hdg: Defines the heading behavior while approaching the rally point’s

position. Mode:

— Hold Prev = Maintain whatever heading the aircraft already had.

— Fixed = Yaw the aircraft to Transit Heading.

— Bearing = Immediately yaw the aircraft to point at the rally point’s position.

— Bearing @ speed = Yaw the aircraft to point at the rally point’s position after reaching a
minimum speed.

— Transit heading is ignored if Transit Mode is not Fixed.

North and East: Value that determines how far north and east of Home the rally point is located;

useful if the operator needs to specify the position of the rally with respect to the Home position.

Hover Mode and Hover Hdg: Defines the heading behavior while hovering at the rally point. Mode:

— Hold Previous = Maintain whatever heading the aircraft currently has.

— Fixed = Yaw the aircraft to Hover Heading during the hover.
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5.4 Advanced Mission Planning

5.4.1 Panoramas

A panorama is a special waypoint in which the VTOL aircraft circles a lat/long position while taking
pictures. The position of the panorama on the map is defined as the center of this circle.

The entry and exit points of the circle control how much of the circle/arc is actually flown, and are
controlled/set by the flight items immediately before and immediately after the panorama.

The following images show how the flight items before and after the panorama affect the entry and exit
points.

Understanding Panoramas

Panorama Image

In this image, the vehicle first flies to Waypoint 1 (highlighted green), then flies to
the arc. Then it flies about 300 degrees of the panorama’s arc in a clockwise
direction (indicated by the arrow at the 7:00 position), and then exits the
panorama'’s circle and flies to Waypoint 3.

Changing Entry Point

In the same panorama, Waypoint 1 has been moved from the 7:00 position to the
1:00 position. Note how this affects the panorama — only 90 degrees of the arc
gets flown (still in the clockwise direction).

Changing Direction

By changing the panorama’s flight direction from clockwise to counterclockwise,
the vehicle flies 270 degrees, instead of 90, in the other direction. Note that only
flight direction was changed.

Complete Circle

To fly a complete circle, bring the entry and exit waypoints (#1 and #3 in this
example) within 5 degrees or so of each other, and the panorama will snap to a
complete circle.

Position of Entry and Exit Waypoints

Note that the distance between the panorama’s center point and the entry and
exit points does not matter — it's the angle between the entry and exit points that
matters. The entry and exit waypoints can be inside the circle if desired.
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NOTE: One way to learn how entry and exit points affect panoramas is to create the three flight items as
shown in the figures above, and then drag them around on the map screen in the VC. Seeing how the three
flight items interact in real-time allows the user to quickly grasp how they interact.

Fine-tuning Panoramas

Panoramas have numerous parameters, which can be accessed by double-clicking on the waypoint icon in
the center of the panorama. This action brings up the parameter editor, allowing the panorama to be

customized.
Panorama Editor A
Following are functions from the Panorama Cirde Spd (m/s)  AltHAL (m) Latitude (DEG)
Editor (as indicated in the figure). 3.0 |57.8 40,2928377
e Circle Spd: Determines aircraft ground el pte e
speed (airspeed for fixed-wing aircraft) as it 100.0 1 "111.7331584
flies around the circle/arc. Morth (m) East (m)
o Alt HAL: The aircraft will attempt to reach 4477396.,00 -9471903.00
this altitude by the time it reaches the arc. Payload Pause Time (sec)  Cirdle Hdg (deq)
Then it will fly the arc at that altitude. If the P ;
: ayload Window | ] 0.00
Kestrel 3 Autopilot does not actually reach -  hda Mod
this altitude when it reaches the circle/arc, Transit Made Cire Hdg Mode
proceeds to fly the arc as if it had reached Hold Prev j | Target Center j
this altitude. Mum Fictures Offset from Entr... Approach Spd {m/s)
e Latitude and Long: The position of the 4 0.00 3.0
center of the circle/arc in degrees latitude, Direction Gimbal Angle
!ongltude. S_everal_ r_net.hods exist to CounterClock j |1"a:get{:enter j
influence this position: _ Target Alt HAL (m)
- Type the desired numbers into these 0.0
boxes.

- Type the numbers into the panorama’s
line in the lower map pull-out.

- Drag the panorama’s waypoint icon on the map.

- Adjust the North and East settings.

Radius: Radius of the circle/arc in meters.

N Alt Rate: Value dictates the rate at which the vehicle will climb/descend in order to reach the

desired altitude specified above.

North and East: Value that determines how far north and east of Home the center of the panorama is

located. This is useful if the operator needs to specify the position with respect to the Home position.

Payload: Button opens a window for specifying details of the camera payload used in this waypoint.

This window is discussed in further detail in Section 5.4.2 Area Waypoints (AWP), in the subsection

entitled Payload Popup Window.

Pause Time: How long to pause at each photo point before moving to the next. Zero means “come to

a stop and then immediately proceed to the next photo point.”

Circle Hdg and Circle Hdg Mode: Defines the heading behavior while flying the circle/arc. Mode:

— Fixed = Yaw the aircraft to Circle Heading while flying the circle/arc.

— Target Center = Yaw the aircraft so it’s always pointed at the center while flying the circle/arc.

Transit Mode: Define the heading behavior while approaching the circle/arc.

— Hold Prev = Maintain whatever heading the aircraft already had.

— Fixed = Yaw the aircraft to Transit Heading.

— Bearing = Immediately yaw the aircraft to point at the center of the arc.

Panorama Editor.
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— Bearing @ speed = Yaw the aircraft to point at the center of the arc after reaching a minimum
speed.
— Transit heading is ignored if Transit Mode is not Fixed.
¢ Num Pictures: Denotes how many pictures should be taken while flying the circle/arc. The photo
points (locations where each picture is taken) are shown as the long tick marks in the pictures above.
o Offset from Entry Point: Denotes how many degrees of arc should be flown before the first photo is
taken. Default is zero, which means the first photo is taken as soon as the aircraft reaches the
circle/arc.
e Approach Spd: Determines aircraft ground speed (airspeed for fixed-wing aircraft) as it approaches
the circle/arc.
¢ Direction: Denotes which way to fly the circle/arc — clockwise or counterclockwise.
o Gimbal Angle and Target Alt HAL and Tilt/Elevation Angle: These two items control the
gimbal’s tilt/elevation. Gimbal Angle:
— Fixed Tilt = Gimbal tilt should always be Tilt Angle.
— Target Center = Gimbal angle should always be such that the center pixel of the picture is at the
point in space defined by Latitude, Longitude, Target Altitude.

5.4.2 Area Waypoints (AWP)

AWP is a special waypoint type for the Kestrel 3 Autopilot that enables systematic and predictable aerial
photogrammetry over large geographical areas with minimal operator input. This is accomplished by
combining up to one thousand sub-waypoints, or photopoints, into a specific pattern, as shown in the
AreaWaypoint figure.

AreaWaypoint (AWP). Example covers 35 acres (~140,000 sq. meters) with 110 photopoints. Shown are
the Takeoff (T) and Landing (L) waypoints which, when combined with the AWP, comprise an example of
a complete Kestrel 3 Autopilot flight plan.
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As an aircraft traverses an AWP, a photograph event is triggered at each photopoint and all relevant
details (e.g., aircraft location, altitude and pose) are recorded by the VC at the time of the snapshot.
The details for each photograph are saved in separate log files, called Event Logs, so they can easily be
matched with the associated photograph on the camera’s SD card after the flight. This process is
described in the Matching Images portion of this section.

Customizing the AWP
Each AWP can be tailored in many ways to fit specific
operator needs. The figure shows the configuration Area Waypoint 1 8]
screen for an AWP, including the following settings: Approach Spd (mfs) AltHAL (m) Latitude (DEG)
Approach Spd: Determines aircraft ground speed 7.0 120.0 60.0541943
(airspeed for fixed-wing aircraft) as it approaches the Pagiad “ARBate k) | Long DEG)
AWP (i.e., while traveling from the previous item in the [ Payioad window [| 5 10.6387964
flight plan to the AWP). Harn ) ot 1)

] o ) 6674050.50 604073.31
Altitude HAL: This altitude will be reached before the Speed (m/s) Dwell Time (sec)
AWP is traversed, hence all photographs will be taken 6.0 0
from_ this altitude: (If necessary, VTOLs Wi_II hover at Width (m) Height (m) Box Angle (%)
the first photo point until the altitude is achieved. Fixed- 435 285 0.00
wing aircraft will circle outside the search pattern until MinOverlap %  Wind From Hdg (%) Wind Spd (m/s)
the altitude is achieved). Several factors should be 70 0.00 0.0
considered when choosing an altitude, in particular for Roll Stabilization  Pitch Stabilization  Yaw Stabilization
fixed-wing aircraft, including: [V Enable [V Enable [ Enable
o Photo Resolution: Higher altitudes cover more Il_-_RSEc::ble Ei::‘j:gme

ground, but photo resolution suffers. Lower altitudes

provide better resolution but require more photos to

be taken, thus reducing the achievable coverage area Configurable AWP Settings. These enable tailoring

in a single flight._ ) ) ) to suit specific operator needs.
e Camera Cycle Time: Higher altitudes result in

photopoints that are spaced farther apart, while lower altitudes result in photopoints that are closer
together. This particularly affects fixed-wing aircraft where hovering is not possible since the distance
between photopoints divided by the required airspeed must be greater than the camera’s cycle time
(min time between consecutive photos).

Latitude and Long: Two methods exist to influence the latitude and longitude of the center of the AWP:

o Type the desired latitude/longitude into this box.
o Click and drag the waypoint icon in the center of the AWP in the VC’s Map screen.

Payload: Button opens a page for specifying details of the camera payload used in this AWP. This
window is discussed in Section 5.4.2 Area Waypoints (AWP), in subsection entitled Payload Popup
Window.

Alt Rate: Value dictates the rate at which the vehicle will climb/descend in order to reach the desired
altitude specified above.

North: Value that determines how far north of Home the center of the AWP is located; useful if the
operator needs to specify the center of the AWP with respect to the Home position.

East: Value that determines how far east of Home the center of the AWP is located. This is useful if the
operator needs to specify the center of the AWP with respect to the Home position.
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Speed: Determines speed of the aircraft while traversing the AWP. For fixed-wing aircraft, this is
airspeed, otherwise this is ground speed.

Dwell Time: Determines how long the aircraft stops at each photopoint. For clearer pictures, it may be
necessary to stop and settle (hover) before a photo is taken, this value dictates how long the aircraft will
hover at the photopoint before snapping the picture and moving on. This value is ignored for fixed-wing
aircraft.

Width and Length: Two methods exist for specifying the width of the AWP:

— Type an exact value here.
— Click and drag any corner of the AWP (only when the AWP is selected — i.e., its center waypoint
icon is blinking) to change both width and length.

Box Angle: By default, the AWP is oriented north-south. Two methods exist for specifying the
orientation of the AWP.
— Specify any orientation in this box (-360° to 360°).
— Click and drag the yellow rotate-handle at the top center of the AWP to align the AWP to any
orientation (e.g., to align with map features).

Min Overlap: Value determines the percentage of overlap between neighboring pictures. The value typed
here can range from 75% overlap to a negative 1,200% overlap, in intervals of 5%. A positive overlap
means that images from neighboring photopoints will overlap each other by the specified amount. This is
particularly helpful if the images will later be stitched together using third-party software. A negative
overlap value means the photopoints are spaced farther apart from each other, leaving unphotographed
areas in between. This is particularly helpful for very large areas to be sample-photographed with evenly
spaced photos.

Wind From Hdg and Wind Spd: The Kestrel 3 Autopilot estimates wind onboard, so this field is
optional and not often used. However, the operator can override the Kestrel 3 wind estimate by providing
specific values here. Since the actual flight path of fixed-wing aircraft can vary substantially based on the
wind speed and direction, these settings allow the user to see how the flight path is affected by various
wind conditions.

Roll/Pitch/Yaw Stabilization: Checkboxes enable gimbal-based, active image stabilization if the camera
is mounted to a gimbal capable of such stabilization. Otherwise, these are ignored.

L-R Scan: Checkbox allows the operator to change the direction of AWP traversal from Up-Down
(default) to Left-Right.

Estimated Time: Provides an estimate of how long it will take to traverse the AWP. When comparing
against available flight time on a specific aircraft, this number should be combined with times required to
takeoff, navigate to the AWP, and navigate back to the landing location when finished. Note that this
functionality is only accurate for VTOL aircraft at this time and does not take into account the standoff
and turnaround time required for fixed-wing aircraft.
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Generating/Saving an Area Waypoint (AWP)

To generate a meaningful AWP, the following
conditions should apply:

1. The VC should be communicating with the

Vehicle that will ultimately be flying the AWP. : Insert Commands Woypoint
2. The vehicle’s camera(s) should be configured HECEn e -
properly (see Section 5.5 Configuring Camera b o Pt Rt
&M) . Upload Flight
3. A base map of the desired area should be loaded =
into VC (see Section 5.7 Creating and Loading Clear UAY T
Maps). ey
With these conditions met, the operator can right-
click on the map and choose Insert Commands- Generating an AWP from the VC.

>Area Waypoint, as seen in the figure, which will
create a default-configured AWP centered at the click. Manipulating and/or configuring the AWP for
specific needs can be accomplished by interacting with one of the following items:

o AWP: Clicking and dragging the AWP’s center waypoint icon will move the AWP on the map.
Double-clicking the center waypoint icon will bring up the configuration screen, as shown in the
above figure and described in this section.

e Any corner of the AWP’s yellow translucent box: Clicking and dragging a corner of the AWP will re-
size the AWP.

e The small, yellow rotate-handle at the top-center: Clicking and dragging this handle will rotate the
AWP about the center waypoint icon.

For a detailed discussion of all variables related to the AWP, see Section 5.4.2 Area Waypoints (AWP),
subsection Customizing the Area Waypoint.

The operator can save any AWP, as part of a flight plan, for future use. Since an AWP is considered a
Flight Item, just as a standard waypoint or a loiter point, it can be saved as part of a flight plan just as any
other flight item offered in the VC, by selecting File->Save Flight Plan from the VC.

Payload Popup Window
This figure shows the Payload Popup window as it ——— =
appears when the operator clicks the Payload button ET—— —
from the AWP Conflguratlon screen. |7 Actuate ‘W appaint Serva 1 Overidden
Camera Values for this Area Wavpoint ‘ Current Valug

From this window, the operator can copy the camera DX ot e of s e o0

- - Spect Rato - wi eigl .
settings from an installed camera or enter custom Cycke Time - ax pctre taking rate (secondspicure) e
settings. To copy from an installed camera, select the Sl i Bl i 05 =
camera from the dropdown menu at the bottom of the Saten herd i gl v rge (=) CE
Wln_dOW and Cll(-:k Copy ThlS b”ngs al I the necessary Ta copy a camera profile to the gid above, use the following two contrals: Pentax -
settings from this camera in the F5->Gimbal-

>Section Cameras into the AWP. Payload Popup Window for Specifying
Camera Payload Details.
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Each value in the table can also be manually overwritten. Note that for cameras that zoom in and out, it is
important for the HFOV item to match the camera’s current zoom amount before the AWP is flown.
Otherwise, the desired picture overlap will not be achieved. (In order for the Kestrel 3 Autopilot to know
how closely-spaced the pictures should be, it needs to know how zoomed in/out the camera is.) If the
operator would also like to activate a servo at each photopoint in the AWP, the Actuate Waypoint Servo 1
checkbox can be checked. Proper functionality of this feature requires that a servo be properly configured
as a waypoint servo. See Section 5.5 Configuring Camera Payloads for an explanation of what the various
fields mean.

Matching Images with Data

The images taken while traversing an AWP are saved on the
camera’s SD card. Each of these images are later to be matched
to an Event Log data file automatically saved by the VC (see
next subsection, Matching Process, Step 2). To make the post-
flight matching process easier, during pre-flight the operator
should tell the VVC the number that the camera will assign to the
next picture it takes.

Heading Dveride

0 deg "] Enable

Use &z

Antenna Pointer
[ Track Heading

Gimbal Control
Az s o

To do this, the operator can power up the camera and take a A =
picture manually (i.e., press the shutter release) and note what

file name the camera assigns to the picture on the SD card. For

example, assuming the picture just taken is called e e
IMG_0307.JPG, assume the next picture taken is number 308. J

. . Next Picture Number. Can be set in
The operator would then enter 308 into the Next Picture Number o Payload Settings box of the right-

field of the Payload Settings box, as shown in the figure. If this hand pullout of VC. If this box is not
box is not present, select View->Payload Settings. This present, select View->Payload
information will be uploaded to the Kestrel 3 Autopilot and the Settings.

data recorded by the VC corresponding to the next photo will be

recorded as Event 308.

As mentioned, the VC produces an Event file (e.g., Event_####.xml) for each picture taken as part of an
AWP. As long as VC’s Next Picture Number field is synchronized with the camera, the number in the
name of each Event file will match the number the camera assigns to the photograph.

Begin the process of matching the camera’s images with the VC’s Event files by opening the Image
Matcher page in VC (F7->Image Matcher, or Settings->Image Matcher), as shown in the figure below.
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o Gichal Settings = B 8
Virlual Cockpit ()] Fotes Desciony  C\Llensuedding! DesklophAWFASD Images =
ST This demctony cortains 23 mages: THGPOOHE.JPG" - MGPOUGIP

Pe——— Evert Disctory  C\Llsansrecdeg\Deeaktop AP WAgent_ 115, Boce_PODS =)
N T Thit dnecteny contins 23 usaible weerts Evend_ 00000 seed - Event D00E2 onf
Mool Carr e | Copy Evert ko he Table Dok
et prace maceToe || Ewrtnim | Powiwm | avookiTes | usse
e
PGP0 FG S013 055734
IMGPOO0. PG 13 055741
PMGPODAL PG B013 05747
HGPOHZ PG B3 055754
PHGPDD4. G UIN014 13:14:25
PGP, PG BIT2013 05:58:06
PGPDD45. PG B7/013 095813
IGO0, PG BII/2013 09:58:20
PHGPOU4T. PG ET013 95826
IGO0, PG EIT/2013 09:58:33
PGP PG 13014 131475
MGPODS0, PG N1 10000
PGPO051. PG E13 10:00:40
PAGPOUSZ G B3 19:00:99
IMGPODSE. PG E/013 19:00:59
PAGPOD54. G EI013 100108
s -  Decirae Seected images wih X3 Data  Dump selected everts 40 Prneainglog e
__ Commbox (FE) fommont 1o Googl. speciy the name of & KML fle i an EMPTY deectory by peessing the folovng busor: [
Venud Cocigpat  (F7)

Image Matcher. Aligns images with their corresponding event data.

Matching Process

The following steps are a guide for working through the matching process:
1. Select the Picture Directory in which the images are located.

a.
b.
C.

Typically the SD card from the camera plugged into the computer.

Some operators occasionally import images to a new directory on their computer.
This will populate the left-hand side of the table with data about all the images in the
specified directory (as shown in the figure above).

2. Select the Event Directory in which the event logs are located.

a.

b.

The VC creates a folder for all events created by a Kestrel 3 Autopilot during a complete
power cycle (e.g., from the time the Kestrel is powered on to the time it is powered off).

For typical installations, these folders reside in this location: C:\Program Files (x86)\Procerus
Technologies\VVC 2.5H\Event Logs\

Select the folder containing events by matching the 1D of the Kestrel 3 Autopilot, or by the
Date Modified field of the folders in this directory.

3. Press the Copy Events into the Table button.

a.

This will populate the right-hand side of the table with data about all of the events in the
specified directory. The table should now appear as shown in the figure below, with both
Images and Events loaded into the table.
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f® Global Settings = =
Virtual Cockplt (F?) Picture Directoryr  C\Users\reddingiDesklop @i PASD Images E
Settings This dwectary contans 23 images: ITMGP0038.JPG' - IMGPO0B0.JRPG'. -
Comm and XML Settings Event Drecton: E,
@E Copied 23 event record(s) to the table.
;':TUJE::—‘TL E3 [i] Copy Events Info the Table | FRemove ALL Events From the Table | l Check All |
Wamings Imace Image Time Eventum | Photohum |  AutopiotTme | UseMe [N =
» Image Matcher IMGP0033. PG 6/7/2013 09:57:27 46,0 38:0,0 6/7/2013 09:57:31 | | [
IMGPO039.JPG 6/7/2013 09:57:34 46,1 39:0,1 6/7/2013 09:57:38 ,_
IMGPO040. PG 6/7/2013 09:57:41 46,2 a0:0,2 6/7/2013 09:57:44 [
MGPO041.IPG &/7/2013 09:57:47 46,3 41: 0,3 6/7/2013 09:57:51 r
IMGPOO42.IPG 6f7/2013 09:57:54 46,4 42: 1,0 6/7/2013 09:57:58 |—
TMGPJaama 113/2014 13:14:25 46,5 6/7/2013 09:58:04 [ 1
IM 6712013 09:58:06 46,6 5/7/2013 09:58:10 ’_ 1
IMGP e 6/7/2013 09:58:13 46,7 = 6/7/2013 09:58:17 [
MGPO045.JPG 6/7/2013 09:58:20 46,8 45: 2,0 6/7/2013 09:58:23 ,_
IMGPO047.JPG 672013 09:56:26 46,9 47 2,1 5/7/2013 09:58:30 |_
IMGP0048.IPG 6f7/2013 09:58:33 46,10 48: 2,2 5/7/2013 09:58:36 |—
IMGPO049, JFG 6/7/2013 09:58:39 46,11 49: 2,3 6/7/2013 09:58:42 [_
IMGPO050.IPG 672013 10:00:32 46,12 50: 0,0 6/7/2013 10:00:36 ’_‘
MGPOO51.JPG 572013 10:00:40 46,13 51:0,1 5/7/2013 10:00:44 ,_
IMGPO052.JPG 6/7/2013 10:00:49 46,14 s 0,2 6/7/2013 10:00:52 [_
IMGPO053.JPG 672013 10:00:59 46,15 53 1,0 6/7/2013 10:01:03 |—
MMGPD054. PG 6/7/2013 10:01:08 46,15 54 1,1 6/7/2013 10:01:12 ,_ -
UAV-3133 (F9) | Decorate Selected Images with EXIF Data | Dump sedecied events to Pieneerng log fle
Commbox (F6) To export to Google, speciy the name of a KML file in an EMPTY directory by pressing the following button: [

Images and Events Loaded into Table. Items are ready for alignment, if necessary. Alignment is
done when all image numbers match with photo numbers (red circles).

If the only events in the folder are those belonging to the AWP, and the only images in the folder are
those belonging to the AWP, then no alignment is necessary.

Press the Check All button to select all images for processing.
a. However, if additional images/events are present, or if any are missing, use the @ puttons
to move images and/or events up/down so the image numbers match photo numbers (e.g.,
Image IMGP_0044.jpg and Photo Num 44 as highlighted red).

b. Note that if the Next Picture Number procedure in the Matching Images with Data Section
(above) was not followed before the AWP was flown, matching the images with the events
will be more difficult. Viewing the images in an image viewer, and comparing the image file
date/times with the event file data/times, can help.

Select all paired Images/Events using the Check All button or by selecting each row (matched
Image/Event) that will be used.

Press Decorate Selected Images with EXIF Data to write relevant metadata to the images.

Further data can be exported into Google Earth *.kml format or a Pioneering log file. For Google

Earth, press the ® phutton. Fora log file in Pioneering format, press the Dump Selected Events to
Pioneering Log File button. Exporting to Google Earth format is useful, because the resulting *.kml
file (and associated images) can be loaded into Google Earth, and alignment with the existing terrain
checked. This helps the user verify the images and the event records were properly matched.
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As cameras and gimbals are often used together, a new section was added to the F5->Gimbal screen for
configuring camera payloads. This section is outlined red in the following figure.

[ Global Settings o | B &
[ Hequ-est Eronhg ] [ %lpdale Flash ] S .
Settings =/| Section ‘GimbalCfg @ Man G?mbal Stowed
e Gimbzl Type Perceptor () Man - Stabilized Gimbal Park
System Angle Lower Limit Roll -20.0002 © ) POl
Calibration Angle Upper Limit Roll 20.0002 ° CwRU
gz::z:smms Angle Lower Limit Elevation | -20.0002 ° Rimbal Target
Datalog Angle Upper Limit Elevation | 90.0002 © Lat(Deg 000000
» Gimbal Angle Lower Limit AzZimuth | -179.995 ° . LoniDeg) 000000
GPS Extender Angle Upper Limit Azimuth | 179.995 © S| arMsy D
Guidance Angular Rate Limit Rol 60.0001 /s -
::1:3 ;:Lr Angubr Rate Limit Elevation | 60.0001 *fs e ' : : ~\
Payload Comms Angular Rate Limit Azimuth 60.0001 /s ion ‘Cameras
Payload Config Park Position Roll ne° #| Mux Settings
Payload Control Park Position Elevation ne | Pentax
Esum Park Position Azimuth 90.0002 ° #1| LANC
Servo Setup Gimbal Calibration Rol 0° #1| Sony FCB
Variables and Flash Gimbal Calibration Elevation |0 © #| VPU Imager
Gimbal Calibration Azimuth |0 ° #l| GPIO-1
Time Constant Roll Model 0.07 5 #l| Quark
Time Constant Elevation ... |0.07 +| Servo-1
Time Constant Azimuth Model | 0.07 S #l| Hitachi
Rate Limit Rol Model 375.001 %/s Dev Use Only
Rate Limit Elevation Model 375.001 °/s k JJ
— Rate Limit Azimuth Model 375.001 °/s
Comhox (F6) Angle Error Gain Roll 100 (Deg/s)/Deg 1B
Virtual Cockpit  (F7)

Gimbal/Camera Configuration Screen. F5->Gimbal.

Several Procerus-supported cameras are pre-configured:

Pentax Optio W90
Sony Lanc
Sony FCB-IX11A

SEIl camera

Procerus Vision Processing Unit (VPU) imager

In addition, four user-definable cameras are listed and can be triggered either by General Purpose
Input/Output (GPIO) pins or by a pulse width modulation servo signal (Servo).

In addition, a Procerus video mux chip can be installed/configured to stream video through the video
transmitter from up to four sources using two GPIO pins.

The camera configuration section is based on the notions of installed and active cameras. A camera is
installed if it is physically connected to the Kestrel 3 Autopilot and its Installed checkbox is checked (see
figures in Mux Settings section below for examples of the Installed checkbox).

A camera is active if it is selected via the Camera button in the Payload Modes section of the VC, as
highlighted red in the figure below.
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Selecting the Active Camera

Pressing the Camera button (figure below) cycles through the installed cameras and makes the camera
whose title appears below that button the current, active camera. In the figure, Pentax shows as the active
camera.

@ Procerus Virtual Cockpit (TM) for Hovering C

File View Agents Settings Command

PREFLIGHT | NoFBw
6} ow How
des

‘ [ Camera |[\PView |[G.C.Mode][ Snapshat |
Pentax MaMUAL  Stop

Selecting the Active Camera.

A camera can be automatically selected as the active camera on bootup if it is installed and the Selected
on Bootup checkbox is checked (see figures in next sections for examples of the Selected on Bootup
checkbox).

The Camera button is made visible in the VC through View->Customize Advanced/Payload Buttons and
choosing Camera as a Selected Function.

5.5.1 Mux Settings

To configure the video mux, the user must know which pins (i.e., GPIO pins from the Kestrel 3
Autopilot) are physically connected to it. This is typically determined using the wire colors in conjunction
with the Kestrel 3 Wiring Guide.

Once the pin numbers are determined, configuring the mux is a simple process of selecting the one or two
pins from the dropdown menus beside Mux 10 Pin 1 and Mux 1O Pin 2, respectively, as shown in the
figure below.

-1| Section "Cameras’

=I| Mux Settings
Mux IO Pin 1 Pin 10
Mux IO Pin 2 Pin 11

Mux Settings.

Note that it is OK to configure only Pin 1 when switching between the outputs of only two cameras.
However, both pins must be configured when switching between three or four cameras. The video output
of any installed camera can be connected to a channel on the mux chip itself.

The user will need to let the autopilot know to which channel each camera is connected (see figures in
next section). When properly configured, the mux chip passes through the video stream of the active
camera.
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5.5.2 General Camera Configuration

If the Installed checkbox is checked (e.qg., in the figure Pentax Configuration below), the camera becomes
visible to the Kestrel 3 Autopilot and is, therefore, eligible for selection as the active camera.

o When both Installed and Selected on Bootup checkboxes are checked, the camera automatically
becomes the active camera when the Kestrel 3 Autopilot is booted.

e The Gimballed checkbox lets the Kestrel 3 Autopilot know if the camera can be rotated for targeting
and stabilization.

o The VPU Inline checkbox lets the Kestrel 3 Autopilot know if the additional functionality offered by
the VPU can be used in conjunction with this camera.

e The Mux Channel is a dropdown menu allowing the user to specify which channel of the mux chip (if
installed) the camera video output is connected to.

e The remaining options are camera-specific and are described in the following sections.

5.5.3 Pentax Configuration

The Pentax Optio W90 is pre-configured in terms of camera properties such as aspect ratio and field of
view. However, in addition to these properties and general checkboxes discussed previously, the user
needs to let the Kestrel 3 Autopilot know the following:

o Which digital 10 pin the Pentax is connected to (i.e., DIO Pin 36 shown in figure below).
e Azimuth and elevation angles at which it is nominally mounted (e.g., when it is not mounted on a
gimbal, or when the gimbal itself has zero elevation and zero azimuth).

=I| Pentax

Installed
Selected on Bootup?
Gimballed O
VPU Inline O
Mux Channel Channel 1
Pulse High
DIO Pin Pin 36
Shutter Delay (sec) 1.5
Cycle Time (sec) 4.5
MNominal Azimuth Angle L
Mominal Elevation Angle 0°

Pentax Configuration.
5.5.4 LANC Configuration
As LANC is a communication protocol, this camera represents the LANC family of cameras. As a result,
more settings are available to the user for configuration. The operator should choose the Mux Channel

and Serial Channel, shown in the figure below, according to how the camera is physically connected to
the Kestrel 3 Autopilot.

=I| LANC
Installed O
Selected on Bootup? O
Gimballed
VPU Inline O
Mux Channel MNone
Serial Channel Payload Serial B
Aspect Ratio 1.43333
Unzoomed HFOV 60 °
Shutter Defay (sec) 1
Cycle Time (sec) 4.5
Nominal Azimuth Angle e
Nominal Elevation Angle ne

LANC Configuration.
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Choose the camera settings such as aspect ratio, field of view, shutter delay, cycle time, and mount angles
according to specifications of the LANC camera chosen.

o Shutter Delay represents the time (in seconds) between a snapshot command and actual snapshot, and
can vary greatly between cameras and camera trigger mechanisms.
e Cycle Time represents the minimum time required (in seconds) between consecutive snapshots.

5.5.5 Sony FCB-1X11A

The Sony FCB-IX11A is pre-configured in terms of camera properties such as aspect ratio and field of
view. However, in addition to these and the general checkboxes discussed above, the user must inform the
Kestrel 3 Autopilot of the following:

o Which Serial Channel the FCB is connected to (e.g., Payload Serial B as shown in figure below).
e Azimuth and elevation angles at which it is nominally mounted.

=\ Sony FCB

Installed O

Selected on Bootup? O

Girmballed

VPU Inline O

Mux Channel Channel 2
Serial Channel Payload Serial B
MNominal Azimuth Angle oe

Mominal Elevation Angle 0e°

SONY FCB-1X11A.

The FCB can be further controlled using the Camera Settings in the right-hand pullout of the VC, which
enables Focus, Exposure, Gain, Iris, Shutter speed, and Zoom control.

Select View->Camera Settings in the VVC to enable the appearance of these settings in the right-hand
pullout.

5.5.6 VPU Imager

The Procerus VPU Imager is pre-configured in terms of camera properties such as aspect ratio, field of
view, shutter delay, and the required cycle time between successive photos and that a VPU is inline.
However, in addition to these and the general checkboxes discussed above, the user will need to let the
Kestrel 3 Autopilot know which Serial Channel the VPU is connected to (e.g., Payload Serial A in the
following figure) and azimuth and elevation angles at which it is nominally mounted (e.g., when it is not
mounted on a gimbal, or when the gimbal itself has zero elevation and zero azimuth).

= VPU Drrager
Inegtaded

|
Selacted on Bootup? O
[
[<]

Gmbalad
WPU Inkne
Mt Channe MHane
VMU Saral Channel Payioad Seral &
MHosminal Azruth Angle o=
Momnal Elevation Angle o
VPU Imager.
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55.7 GPIO Cameras

A GPIO camera is any off-the-shelf camera that can be triggered using a general purpose input/output pin
on the Kestrel 3 Autopilot. Many such triggers exist and can be purchased independently or through
Procerus. The figure below shows the primary settings to configure.

= | GPHG-1
Ingzaded O
Selected on Boatup? E
Girmbaled O
VPU Inine O
Mux Channel Hane
Puikse High =
Shutter D10 Pin Pin 11
Aspedt Ratio 1433313
Unzoomed HFOY &0 =
Shutter Delay (sec) 1.5
Cycle Time (sec) 4.5
Homenal AzZmuth Ane | B
Hoerenal Elevation Angls o*
Shutter Pulse [Ms) 50

COTS Camera Triggered Using a GPIO Pin.

The Pulse High checkbox determines polarity of the trigger pulse (signal idles low and pulses high when
box is checked, reverse when unchecked). The Shutter DIO Pin specifies which GP1O pin the camera is

connected to, and the Shutter Pulse (ms) determines how long (in milliseconds) the shutter pulse is to be
held high/low before the signal returns to nominal polarity/idles again.

In addition, the camera properties such as aspect ratio, field of view, shutter delay, and required cycle
time between successive photos need specifying along with nominal camera mount angles.

5.5.8 Servo Cameras

A servo camera is any off-the-shelf camera that can be triggered using a pulse width modulated servo
input signal. Many such cameras triggers exist and can be purchased independently or through Procerus.
The figure below shows the primary settings the user needs to configure.

=l Seno-1
Instaled [
Selected on Bootup? O
Gimbaled O
VPU [nine O
Mux Channal Hone
Zoom InfCut Pin Pin 10 {Servo &)
Shutber/Racond Pin Pin § (Senvg 7)
Shitter FWM (us) 2000
Racard PYWM {uS) 1000
Zoom In PWH (us) 2000
Zoam Out PYWM [us) 10040
Aspect Rato 1.433313
Unzoomsad HEOW 60 ®
Shutter Dely (sec) 1.5
Cyde Time (sac) 4.5
Hominal Azmuth Angle o*
Hominal Elevation Angle o*

COTS Camera Triggered Using a
Pulse-width-modulated Servo Input Signal.
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The Shutter/Record Pin dropdown specifies which servo line the camera is connected to. The Shutter
PWM (uS) is an integer in microseconds, which determines the timing/shape of the servo signal for
triggering the shutter (should be an integer between 1000-2000). Similarly, Record PWM (uS), Zoom In
PWM (uS), and Zoom Out PWM (uS) determine the timing/shape of the servo signal for toggling the
record functionality, zooming in, and zooming out, respectively.

Each of these PWM values should be an integer between 1000 and 2000. In addition, camera properties
such as aspect ratio, field of view, shutter delay, and required cycle time between successive photos needs
to be specified, along with nominal camera mount angles.

5.5.9 SEI Agriculture Camera

The SEI Agriculture camera involves multiple cameras interfaced via the SEI payload control board,
which is triggered and driven by the Kestrel 3 Autopilot using serial messages. Primary camera settings
are displayed in the image below. Note that the gimbal pause time indicates the time the operator desires
the payload gimbal to be stationary before pictures are taken.

S| SE1

Instabed
Selected on Bootup? |
Gimballed a
Cameral [+
Camera2 ¥
Seral Channel Payioad Serial A
Aspect Ratio 1.383
Unzoomed HFOV 43.36 ¢
Shutter Delay (sec) |0.5
Cycle Time (sec) 1
Mominal Azimuth Angle .GI =
MHominal Elevation Angle a0 =

Gimbal Pause Time (sec) 0.5

SEIl Agriculture Camera.

The SEI camera can be operated using the Agriculture Camera Control
window. This is opened by pressing CTLR + SHIFT + C on the keyboard

(image below) or by pressing the SEI Camera Window button in the lower SE! Camera 'W'lndo
right-hand corner of the Map display (image at right).

Note that the SEI Camera Window button does not appear unless the SEI
camera is marked as “installed” (via the Installed check box in the SEI Agriculture Camera image above).

In the Agriculture Camera Control window (image below), the operator can start/stop sessions and
monitor payload status.
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i Agriculture Camera

Current session name:

| Start Session | | Stop Session |

Mo session running.
Camera[1]: Session NOT running. 0% of 5D card used.
Camera[2]: Session MOT running. 0% of 5D card used.

SEIl Agriculture Camera Control Window.

5.6 Data Log Recovery/Review

The Indago system can be configured to store data log files, which contain recordings of Kestrel 3
Autopilot telemetry, in various locations. These data log files can later be replayed by the VC, allowing
the user to precisely analyze a flight. These log files are a critically important debugging tool that is
crucial to data analysis when something goes wrong. They allow the user to replay the flight step-by-step,
which is often the only way the cause of serious issues (such as crashes) can be identified.

Onboard the Kestrel 3 Autopilot

The back of the Kestrel 3 Autopilot contains a Micro SD slot. If a Micro SD card is inserted, telemetry
log files are written to the card until it is full.

The operator can use the SD Card group on the VC’s F5 Nav Filter setup screen to see if this logging is
taking place.

— 5D Card
Open File | Cios File | Mame: |
Start Log I Stop Log | Fate [Integer HzJ: I et Info |

[T Checkl [ Check? T Check3 [T Checkd  Upload Check Bn:l:-:esl

GPS Telem 50 Card Byte = Oxdd.

Error Bit: OF,

S0 Card Statuz: Mounted and ready
Dev Log State: [dle

Black Box State: Logging _
GPS Telem UTC Time = 01:17:5:2 0384 00-02-1980
SD Card Group.

If the Black Box State is Logging, the telemetry file is being written. If it’s Idle, the telemetry file is not
being written. This is usually caused by no SD Card being present, or the inserted SD Card being full.

o Telemetry files on the SD card have file names in this format: BB_657_382403.m.

e The first number (657 in this example) is the boot number.
— Each time the Kestrel 3 Autopilot is powered up, the boot number increases by one.
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e This makes it easy to know the order in which the files are created — simply sort the files in order of
increasing boot number.

e These files can be loaded into the VVC’s replay system as discussed later on in this document (see the
subsection that follows, Reviewing/Replaying a Data Log File).

Note that in extreme situations (such as crashes), the last file on the SD card might be incomplete. The
nature of flash memory is such that data writes are time consuming. Thus, if power to the Kestrel 3
Autopilot is suddenly interrupted, the last few records might not be written to the SD card. This is one
reason the other logging method “In the VC” is so valuable.

In the VC

By default, the VC saves a telemetry log file for each of the agents in the active agent list (above the
Acrtificial Horizon). In order for these files to contain any data, the VC must have communications with
those agents (see Section 5.2 Establishing Communications).

The bottom section of the F5 Datalog screen has controls for starting and stopping the automatic
telemetry logger in the VC.

Telemetry Logger
Base Filename: Itelemetry En_%y_Em_%d_H#m IM-fiIe [P atLab Plain Text] j

telemetry 3136_2014_01_13_02m 1232 Mbl1 8000 zamples l
Start | Stop |

Bottom of F5 Datalog Screen.

Each time a record is stored in this file, the reported numbers of samples (red rectangle in the figure
above) increases by one. So, if the number of samples is increasing, the user knows the data log is running
and the VC has communications with that agent. The Start and Stop buttons can be used to start and stop
the telemetry logging. This capability is handy in situations where the user wants to create one log file per
flight, etc.

Two formats can be used for the automatic telemetry log stored by the VC — m or XLS.

e The first produces a MatLab-format text file, which can be replayed by the VC.
e The second produces an XML file that can be loaded into various web browsers and spreadsheets but
not replayed by the VC. It is recommended that the *‘m’ format be used, so the file can be replayed.

Though the VC can be configured to not log this data, it is highly recommended that the VC be
configured to generate the automatic telemetry logs. If they are not generated, then debugging any
problem that occurs is very difficult. Even if an SD card is installed in the Kestrel 3 Autopilot, with
adequate free space, it is still recommended that the VVC be left configured to store its own data logs for a
measure of redundancy.

Defaults for automatic telemetry logging are found on the F7 Comm and XML Settings screen, under the
Telemetry Logger Settings section.

NOTE: By default, the VC stores the data logs in Datalogs folder, in the folder the VVC was installed into:
e Typically the location is — C:\Program Files (x86)\Procerus Technologies\VVC 2.5H\Datalogs
Reviewing/Replaying a Data Log File

The VC Replay window allows the user to watch a previously recorded flight. The VVC treats the replayed
data log as if it were an actual flight, so all warnings and failsafe triggers that occur in the replay data log
will appear during play back as well.
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When a replay file is loaded, a replay agent is added to the active agent list above the Artificial Horizon.
Also, all open comports and connections are closed. This guarantees no interference between the replay
agent and other agents in the list. This also means it is not safe to use the replay feature while a vehicle is
in flight.

To open the Replay window in the VC, go to the View menu on the VC's Main screen and select Replay
window. The following window appears.

| 5. Play Reverse |

[ 1.PayFovward |

| 2.ReplaySpeed | [ 11. Open Data Log Button | | 10. Current Position |

| 3. Position Siider

I 4. Single-step Buttons

% 2itual Cockpit Version = 2. 5. 2. 11410. Kestrel Type = 3. Vehicle Type = 32.
canned 3423 lines of the replay file - 3423 are good, 0 are bad.
| 7. Replay File Statistics |—»fFirst time stamp is 0.

ormalized time stamps are 0 to 424960.

ed 151, tied to replay 135, skipped 0. Last sent record is 120471

8. Time Stamp in Log File at Current Position |

| 9. End Position |

essages from the log file
Zbircraft is in GPS Sim mode!
Z<FirmwareVersionSting1>1.0.4b108c1.0.2E_SVYN11511M_H114_AKC10_CO_NS20
F_Ub|_53136_|Helicopter_take off trims</FirmwareVersionSting1>
%<INIT_Heli1>InitHVelU pperLimit=12. 000000 InitHVel=5.000000

| 6. Messages Embedded in the Log File I o

Replay Window Functions.

Play Forward — Press once to start replay in the forward direction. Press again to pause replay.
Replay Speed — Select the speed at which the replay will happen.

Position Slider — Where we are in the replay file.

Single-step Buttons — Move forward/backwards one record in the replay file.

Play Reverse — Press once to start replay in the reverse direction. Press again to pause replay.
Messages Embedded in the Log File — For very advanced users.

N o gk~ wDd e

Replay File Statistics — Shows miscellaneous data about the file being replayed.
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8. Time Stamp in Log File at Current Position — Shows the time the current record in the replay file
was written.

9. End Position — Shows the number of records in the replay file.
10. Current Position — Shows the current record number in the replay file.
11. Open Data Log Button — Use this button to select a replay file.

Click the Open Data Log button to browse for the data log file that will be replayed. Note that only
Matlab-format files (filename ends in *.m) and binary telemetry files stored by the Kestrel 3 Autopilot on
its SD card (filename ends in *.bin) can be replayed. By default, the VC loads Matlab-format files stored
by the VC.

To load binary files from the Kestrel’s SD card, select Binary Replay File in the Open File dialog.

| ©

dlBinar}r Replay File (*.bin) -]

Open |v| Cancel |

A

Binary Replay File.

After the file is selected, the Replay window validates the file and displays statistics about the file in the
Replay window.

At this point, users can press Play Forward at .5X, 1X, 2X, and 4X speeds. Pressing the Play button again
causes the replay to pause. The user can also reverse-play the data log. At any time, the position slider
may be grabbed and moved to a position in the data log. When the user presses the Close button in the top
right corner of the Replay window, the data log will be closed and the VC will return to its previous
settings.

The Play ALL checkbox tells the system not to skip any records while replaying the data log file, even
when playing at 4x speed. This should be left checked, unless the user’s PC is slow and the user does not
need to see all records.

NOTE: Play ALL applies only to play-back via the Play Forward and Play Reverse buttons. Play ALL
does not apply to dragging the scroll bar.

As shown in the figure’s number 7, this Replay window displays statistics about the replay file and
advanced debugging information. As shown in the figure’s number 6, this Messages window displays
messages embedded in the data log file; these functions are intended for advanced users.

5.7 Creating and Loading Maps

The VC has the ability to display geo-rectified images in the map display. This greatly aids in flight plan
preparation and in monitoring a UAV’s location during flight. To properly geo-locate map images, the
VC uses a world file (*.wf extension) for each image. A world file is a text file that specifies the
geographic location of the upper-left corner on an image as well as the resolution, in pixels/meter, along
the width and height axis of the image. When a map image is loaded into the VC, the VC will attempt to
automatically load a world file of the same name as the image, with a *.wf extension.
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5.7.1 Creating Maps

To create maps for the VC, two separate applications are needed: the VC map maker application (shipped
and installed with the VC) and Google Earth (the free version is adequate). Following are the steps.

1. Download Google Earth — Go to http://earth.google.com/ and download the Google Earth install.
Either the free version or Google Earth Plus may be used. In this document, we use the free version.
NOTE: When using the free version of Google Earth, the saved map resolution is no greater than the
display of the computer used.

2. Install Google Earth — Follow the standard or default options for installation.

Run Google Earth

4. Configure Google Earth

a.
b.

Find the Google Earth Options dialog window under the Tools dropdown menu.

Change the Lat/Long display method (green arrow) from Degrees, Minutes, Seconds to
Decimal Degrees.

Find Elevation Exaggeration (red arrow) in the Terrain group and change it to the lowest
number allowed (usually 0.01).

Then press OK. If desired, hide the navigation aids in the upper right-hand corner of the map
using the View menu — View\Show Navigation\Never.

30 View | Cache | Touring | Mavigation | General |

—Texture Colors —Anisotropic Filtering—— —Labels/Icon Size ——
" High Color {16 bit)  Off  Small
{* True Color (32 bit) = Madium = Medium
v Compress ™ High " Large
—Show Lat/Long —Units of Measurement— Fonts ————————————
@ Dedmal DEQF % System default
{~ Degrees, MIHI..JtES, semnds ™ Feet, Miles Chaose T Eant
{~ Degrees, Dedmal Minutes
) {~ Meters, Kilometers
{~ Universal Transverse Mercator

—Terrain

Elevation Exaggeration (also scales 30 buildings and trees): [0.01 (0.01-3)
[ Use high quality terrain {disable for quicker resclution and faster rendering)
[ Use 3D Imagery (disable to use legacy 30 buildings)

Google Earth Options.

5. Prepare an Image in Google Earth

a.

b.

Navigate in Google Earth (panning and zooming) until Google Earth shows the map as
desired.

Press the ‘r’ key on the keyboard occasionally to keep the image axis-aligned and orthogonal
to the screen. (The ‘r’ key resets the tilt and heading.)
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6. Create a VC Map Out of the Displayed Image — Once Google Earth is displaying the desired map,
perform the following:

a. Pressthe ‘r’ key once more, ensuring the image is aligned and orthogonal.

b. Launch the Map Maker Application from the VC’s F7 Map Settings screen by pressing the
Launch Map Maker Application button on that screen.

c. When the Map Maker comes up, press File/Google Earth Import. The current view is
captured along with four control points at the corners of the image.

d. Pressthe Make Map button — brings up a Save dialog window.

e. Select a location and name for the image and the world file.

f. Click OK.

g. Image is then geo-rectified and the two files are saved.

At this point, additional maps can be created using the Map Maker Application, and Google Earth can be
exited.

5.7.2 Loading Maps into VC

To add a geo-rectified image to the VC’s map display:

1. Navigate to the F7 Map Settings screen.

2. Press Add.

3. Select Color Image from the Map Type drop-down list.

4. Press the Load button to browse to the image file location.

Once the user has specified the image file name, the VC looks for a world file (WF extension) with the
same name in the same directory.

o If avalid world file is found, the map is loaded.
e If no world file is present, the world file parameters can be manually entered into Add Map Item
dialog.

5.8 Adjusting Vehicle Parameters

The Virtual Cockpit gives the user access to Kestrel 3 Autopilot settings unavailable on the
Handcontroller.

5.8.1 Failsafes

The F5 Failsafes screen (following figure) is used to configure the autopilot failsafe behavior. The
autopilot takes these actions when unexpected events occur. Each failsafe can be individually enabled.
The F5 Failsafes screen shows each failsafe and status for each.

NOTE: Some versions of the VC do not have the Upload Settings button on the Failsafes screen. If your
version of the VC reflects this status, there is no point in changing any values on the Failsafes screen,
since the user will not be able to upload changes to the Kestrel 3.
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R £ Settin Upload S etin UEESEFEER] | FesetFaisals
UAV-3139 (F5) (Frequest Settngs | [ Upload Setings | =e &
Settings Fly-By-Wire (FBW) Modes
» Failsafes Enable Failsafe Type Stage 1 Stage 2
System o
Calibration [ Low B attery 147 FBW Ak mad-stick + 202 142V Lard Maow
Control Efforts Cominn v T Mo Cornm w0 Comen wC | Mo Comm w™C
Controls
Datalog Hover Now, then Aftes 30,0 5
Developer ) GPS Hover Mow | 2fter 300 = flvtor | pooer pow land at
Gimbal 1] Loss of RC Ry -~ |
GPS Extender
Guidance Mo GPS Hower No-GPS 100 = Lard Now
Mag Cal
Nav Filter =1 Loss of GPS Go To FEW Mantalk
Payload Comms
Payload Config
Payload Control Guidance Modes
RC Ensble  Failsafe Type Stage 1 Stage 2
Sensors
Servo Setup &1 Low B atteny 14.7 14.2 v Land Mow
Wariables and Flash
&1 Loss of GPS Hover Mo-GPS 100 = Land M owe
[l Loss of Comm 30,00 = | Fly to Fially - 300 = |Land at Land Wpt

* Failzafes are priontized as listed for each mode.

= The only active Failzafe n RC Mode is "'Lozs of BC™.
UAV-2139 (F5) = |F wappoints are not wploaded Rally/Land Waypoints default bo Home.
Commbox (F6) =Wwihen Home is selected the vehicle vl cimb to the minimum go home altitude before proceading.

= Guidance Modes nclude: Home, Take O, Land Mow. Hover Mow, Rally, 5afe, Marwal, altitude, and Maw.
Virtual Coclkopit (F7)

F5 Failsafes Screen.
Failsafes are subdivided into two categories:

e Associated with a Fly-By-Wire (FBW) mode
e Associated with a Guidance mode

By configuring these failsafes, the user specifies vehicle behavior relevant to each category.

As described below, each failsafe consists of one or two behavioral stages triggered by an event such as
loss of GPS signal, user-defined timer, or a measured value falling below a user-specified threshold. In
addition, each failsafe can be enabled/disabled by checking/unchecking the associated checkbox.

Fly-By-Wire (FBW) Modes

1. Low Battery: The low-battery failsafe while in an FBW mode alerts the operator of a potentially
dangerous low battery situation onboard the vehicle.
a. User specifies Stage 1 voltage level (e.g., 14.7 in figure below).

Fly-By-Wire (FEW) Modes
Enable Failzade Type Stage 1 Shege 2
o Low Batleny 147 W PP Ak rad-shick. + 21005 142V Land How
Camn wa'viC Mo CommwNT | Commw/C | Mo Commw\T
Haver How. then Alts 300 5,
GPS | HoverMow | 3060 300 £ W00 | pey v land o
+ | Lesz ol RC F‘&' ,: ::. Fapond | ,:
Mo GPE Hureer Mo GEE 100 = Land Ko
£ Losz of GPS G To FEW MardAk

Failsafes Available in an FBW Mode.
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b. When the onboard battery level falls below this threshold, the Kestrel 3 Autopilot cuts vehicle
throttle 20% to enable a slow descent and to further alert the operator that the failsafe is
active.

c. The user also specifies the Stage 2 voltage level (e.g., 14.2 in figure). If the onboard battery
voltage falls below this value, the Kestrel 3 Autopilot will land the vehicle at its current
location.

d. The Stage 2 voltage level should be chosen to represent a critical battery level where only a
few minutes of flight time remain.

2. Loss of RC: This failsafe defines vehicle behavior in the event the communication link with the
safety pilot’s radio transmitter is lost while operating in an FBW mode. When this signal is lost, the
Kestrel 3 Autopilot enters a hover mode. If GPS signal lock is not held, the vehicle will hover using
onboard sensors only and its position will likely drift. If a GPS lock is held, the vehicle will hover for
the amount of time the user specifies (e.g., 30 seconds as shown in the figure) before flying to either
the Rally or Home position chosen by the user (e.g., Rally in the figure).

The vehicle will continue to hover in Stage 2 unless GPS lock is not held or the vehicle cannot
communicate with the VC. In the case of no GPS lock, the vehicle will land after a user-defined time
delay (e.g., 10 seconds as shown in the figure). In the case of no communication with the ground
station, the vehicle will land at the pre-specified landing Waypoint or Home location, as chosen by
the user (e.g., Waypoint in the figure) after a user-defined time delay (e.g., 30 seconds as shown in
the figure).

3. Loss of GPS: If GPS lock is lost while operating in a FBW mode, the Kestrel 3
Autopilot will smoothly transition to FBW Manual mode that does not require GPS.

Guidance Modes

1. Low Battery: Similar to the low-battery failsafe in a FBW mode, this failsafe alerts the operator of a
potentially dangerous situation of a low battery onboard the vehicle. The voltage levels specified for
Stage 1 and Stage 2 are linked with those specified for the FBW mode low-battery failsafe, so the
user need only choose these values once.

a. For Stage 1, the user can specify the vehicle behavior by choosing Fly to Rally, Fly Home,
Land at Waypoint, or Land at Home from the dropdown menu (e.g., Fly to Rally as shown in

figure).
Guidance Modes
Enable Failzale Type Stage 1 Stage 2
s Low Baktery 147 % | Flelo Raly =[] 142y Lared Howr
o4 Loz of GPS Horves Ho-GPS 0o s Lard Mow
"] Loss of Cromm IO 5 |FlpioRaly w || 0 3 | LandatLandWwpt -

Failsafes Available in a Guidance Mode.

2. Loss of GPS: A loss of GPS while in a Guidance mode will cause the Kestrel 3 Autopilot to hover
using onboard sensors only and its position will likely drift.
a. After a user-defined timeout (e.g., 10.0 seconds as shown in above figure), the Kestrel 3
Autopilot will land the vehicle at its current location.
b. The user can either allow the failsafe to carry out this landing or can take over by switching
into a FBW mode and avoid the landing.

3. Loss of Comm: When enabled, this failsafe is activated if communication with the VVC is lost while
in a guidance mode. The user can specify a timer before the Stage 1 action is taken (e.g., 30.0 seconds
as shown in above figure).

Copyright © 2014 Lockheed Martin Corporation
All Rights Reserved

5-43



_";'-d'f Indago User Guide LOCKNEED MARTIN f$

Proverws Teolwolegies, LC -

a. This is helpful in the event the user needs to quickly swap the battery powering the laptop
running the ground station software. In addition, the user can decide whether the Kestrel 3
Autopilot should Fly to Rally or Fly Home (Fly to Rally as selected in the above figure) in an
effort to regain communication with the ground station.

b. In Stage 2, the user can again choose a timer (30.0 seconds in above figure) and a behavior
from three options: Land at Land Wpt, Land at Home, and Do Nothing (choose Land at Land
Whpt as shown in the above figure).

5.8.2 Magnetometer Calibration

Magnetometer calibration is necessary whenever a new GPS board is installed, when flying in a new
major geographical area, or when flight tracking performance has degraded.

A mag calibration is best performed with two people; one person to operate the VC and another to
manipulate the vehicle during the calibration. The person holding the vehicle should remove any large
metal or electronic objects (such as cellphones) from their person and stand away from buildings, cars,
etc. An open field is a good place to perform a mag calibration.

Mag calibration is performed by following these steps:

1. Move to the location where the mag calibration will be performed, and verify communications with
the vehicle in the VC. Pick up the vehicle and hold it by its arms. Make sure it is above waist height
(at least 3 feet off the ground).

Global Settings

— —_— — — - - -
Calibration Type:
AV-3305 (F3) @ Tumble [field strength)]
ettings () Campass Swing [field strength, heading carection]
Failsafes Start Calibration ’ Reject Calibration] ’ Update Flash
Syt L
) _em_ Calibration Status: OFff
Calibration - -
Cartrol Efforts Tumble Magnetometer Calibration o
Cortrols *For an optimal calibration, please remove all magnetic
Datalog materials [e.g. cell phone, watch, keys, etc...) and locate =
Developer yourself where there is no magnetic interference such as o =
i L U
Gimbal an open field. = D
GPS Extender To begin, press "Start Calibration.” ___-:-\
Guidance

2) While holding the vehicle in front of you, begin to

» Mag Cal slowly spin it about one of its axis.

Naw Fitter

Payload Comms 3) While continually spinning the vehicle, now rotate your

: X body such that you make a complete horizontal 360

Pavload Corfig degree turn.

Payload Control

RC 41 Continue to do this until the calibration status is 100% 7
Step 2.

2. Inthe VC, bring up the F5 Mag Cal screen. Be sure to select the Tumble option, not Compass Swing.
3. Follow the directions as outlined in the Mag Cal page.
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"" HOV
Throttle 57

15.0V 1Z 0A173W

Step 4.

4. To verify the calibration, position the vehicle on known TRUE headings. If the mag readings on the
Acrtificial Horizon are within +/-3 degrees, press update flash to store the calibration permanently on
the Kestrel 3 Autopilot. Otherwise, press the reject calibration button and repeat Steps 1-3.

NOTE:

e The VC F5 Mag Cal screen contains a video that demonstrates how to move the vehicle during the
calibration procedure.

5.8.3 Uploading Parameter Changes

Upon changing the various VC engineering screens, some changes are sent to the Kestrel 3 Autopilot as
soon as the user presses Enter. The user can tell this happened if the field turns yellow and then white
again. Other changes require pressing an Upload button in order for the changes to be sent to the Kestrel 3
Autopilot. The user can tell these when a button labeled Upload turns from white to red color upon
making the change. Red color means the change has not been uploaded to the Kestrel 3 Autopilot.

Following is the color scheme:

¢ Red - Change made in the VC, but that change has not been sent to the Kestrel 3 Autopilot. Press the
Upload button to upload the change to the Kestrel 3 Autopilot.

Yellow — VC has sent the information to the Kestrel 3 Autopilot and is waiting for a response.

e Button stays Yellow — If the button remains yellow for a lengthy time, it is possible the
communication link with the autopilot is poor/lost, which may require diagnosis.

e Yellow and then Red - If the button turns red after it was yellow, it means the Kestrel 3 Autopilot
rejected the change. This could indicate an invalid value or a compatibility problem between the
Kestrel 3 Autopilot and VC.

e Yellow and then White — If the button turns white after it was yellow, it means the Kestrel 3
Autopilot accepted the change and sent back an acknowledgement. The change is now applied to the
Kestrel 3 Autopilot.

Changes uploaded as described in this section remain in effect on the Kestrel 3 Autopilot as long as power
continues to the Kestrel 3. Changes are lost if the Kestrel 3 is rebooted.
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5.8.4 Updating Flash/Making Changes Permanent

When changes are uploaded to the Kestrel 3 Autopilot from the various VVC engineering screens, the new
values are stored in the Kestrel 3 Autopilot’s temporary memory. This causes the Kestrel 3 Autopilot to
notify the VC that changes have been made that will be lost if the Kestrel 3 Autopilot is rebooted.

The VC indicates this condition by setting the color of its various Update Flash buttons to red.

To make the changes permanent, the user must press one of the Update Flash buttons, which will cause it
to turn yellow for 4-5 seconds while the Kestrel 3 Autopilot commits the changes to permanent memory.

Once the process is complete, the Kestrel 3 Autopilot will tell the VVC that there are no longer any changes
that will be lost by a Kestrel 3 Autopilot reboot and the Update Flash buttons turn grey/white again.

IUpdate Flash |

NOTE: It is very important to not interrupt the Kestrel 3 Autopilot’s power during the update (the buttons
are yellow). Doing so can corrupt the Kestrel 3 Autopilot’s memory.

59 GPS Sim Mode

Kestrel 3 Autopilot units contain a built-in simulator the user activates by putting the Kestrel 3 into GPS
Sim Mode.

GPS Sim Mode is a mission-level simulator — it simulates the functionality of a well-tuned Kestrel 3
Autopilot in a generic vehicle. It does not simulate actual vehicle dynamics.

=| Group 'sim' (I
uint 'Simulation Mode' D
uint "Hil stuff initiatialized"
Struct 'HIL Sensors'

int ‘Mew Actuator info to ...
Struct 'HIL GPS'

Struct 'HIL States'

O

ulong Time stamp of last ...
uint 'Sim state’
uint 'GPS sim'

uint 'Force GPS loss'

uint 'Simulate Comm loss'
float 'GPSsim Battery Voltage'
float "Wind From Dir'

float "Wind Mag'

float 'GPS sim start latitude’
float 'GPS sim start longitude’
float 'GPS =im start altitude’
Enabling GPS Sim Mode.

O0O000O0o0oOooono
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Initiating GPS Sim
GPS Sim Mode is an excellent tool for training and flight planning.

1.

Establish communications with the Kestrel 3 Autopilot using one of the techniques described in
Section 5.2 Establishing Communications.

Navigate to the F5 Variables and Flash screen.

On the left-hand side of that screen, in the Autopilot Variables column, locate Group Sim and open it
by pressing the adjacent [+] button (red arrow in the picture above).

Scroll down to float ‘GPS sim start latitude’ (green arrow). This, and the two items after it, specify
where the aircraft will appear when GPS Sim mode is started. Since GPS Sim Mode simulates the
behavior of a GPS receiver, it is necessary to tell the Kestrel 3 Autopilot where to put the aircraft
when the simulation is started.

NOTE: It is expected that users will want to have simulations take place over the map(s) they have loaded
into the VC; see Section 5.7 Creating and Loading Maps.

Configuring GPS Sim Starting Location

To get the latitude/longitude of a map:

1.
2.

Navigate to the F7 Map Settings screen, highlight the map of interest.

Press the Center button to center the Map Display over that map. (Be sure Follow UAV is turned OFF
before doing this — on the same map setup screen.)

Dismiss the map setup screen and move the mouse pointer over the Map Display in the main VC
window. The latitude/longitude under the mouse pointer are displayed at the bottom of the VC’s Main
Window.

Copy these values into the appropriate fields on the F5 Variables and Flash screen.
Scroll up to the GPS Sim (blue arrow).

Type a “1” into that field and press Enter.
a. This puts the Kestrel 3 Autopilot into GPS Sim mode, which makes it act as if it had GPS
Lock and makes the following popup dialog appear (if the Kestrel 3 Autopilot did not already
have GPS lock).

Press OK to dismiss this popup dialog.
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Set Launch x|

Terrain Elevation Data not present for
current location,

Please enter the current altitude above

sea level in Meters, The autopilot uses
this data for internal calibration.

1332 m ! Manually Enter

m & AV GPS

1

m " Commbox GRS

Enter the air temperature at the ground
station in degrees C. This helps check
the airspeed calibration.

Launich

Temperature 15.0 degrees C

0K |

Set Launch Altitude Dialog.

NOTE: The user can tell that the Kestrel 3 Autopilot is in GPS Sim Mode by looking for the red
Simulation Mode Enabled message in the message window.

Shortcut to GPS Sim

A GPS Sim button is also available in the Advanced Modes group (see Section 5.1.1 VC Main Screen).
To make the Advanced Modes group appear, use View/Advanced Modes on the Main Menu. To control
what buttons show in the Advanced Modes group, use View/Customize Advanced/Payload buttons on the
Main Menu. The GPS Sim button, when shown, will be colored green when the currently-selected agent
is in GPS Sim mode.

Utilizing GPS Sim

Once the vehicle is placed in GPS sim mode, the user can now proceed to flight-plan, preflight, and
conduct missions as normally performed. As mentioned above, this is an excellent tool for training but is
also very helpful in pre-planning missions and to maintain currency.

When the simulation is complete, take the Kestrel 3 out of GPS Sim Mode by rebooting the Kestrel 3.

NOTE: GPS Sim Mode causes the Kestrel 3 to ignore its sensors. That means the Artificial Horizon will
not react to tipping the Kestrel 3/vehicle, covering the air speed sensor tube (as is done in the preflight),
etc.

Warning: Great care should be taken when entering GPS Sim as the Indago motors may
unintentionally arm if the above instructions are not carefully followed.
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5.9.1 Shortcut Keys

The Virtual Cockpit supports keyboard shortcuts that enable common operations, and bring up the
following windows and settings:

F3 — Continues Search In Variables Window

F4 - Displays Add Agent Window

F5 — Displays UAV Settings

F6 — Displays Communications Settings (Commbox or 3DR Modem)

F7 — Displays VC Settings

F8 — Displays Video Window

F9 — Displays Simulation Handler Window

+/- — Zooms In and Out On Map

[/]- Changes Layers In and Out

Pg Up/Pg Dwn on settings screen — Switches Settings Screens

Pg Up/Pg Dwn on main screen — hides/shows top part of right-hand map pull-out (Map Settings and
Layers)

Ctrl-a - Displays Add Agent Window

shift-ctrl-c — Displays Agriculture Camera Window

shift-ctrl-d — Displays Communications Debug Window

shift-ctrl-g — Puts all the waypoints on a grid

a/s — Adjusts throttle or altitude

. — Adjusts camera zoom

r — In simulation — resume all

Ctrl-left-mouse-click — Adds a waypoint to the map at the current mouse position
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6 Operating the Vehicle

This section discusses vehicle operations including setting up the system, preflight, autopilot
preflight, validating payload, mission setup, flight operations, and emergency procedures.

6.1 Equipment Checklist

Handcontroller (battery charged)

Laptop with properly installed Virtual Cockpit 2.5H (Optional)
Indago vehicle

Indago flight battery

Indago Payload

Repair kit/tools (props, hardware, etc.)

Preflight checklist

6.2 Setting up the System

1. Unpack vehicle (see Section 3 Indago Details).

2. Power on Handcontroller and/or optionally connect (wire or wirelessly) the equipped VC 2.5H laptop.
3. Attach Payload.
6.3 Preflight the Vehicle

6.3.1 Cold Start Vehicle Hardware Preflight

Before each flight, it is important to inspect the Indago system for damage, loose parts and wear. The
Indago is a highly optimized vehicle that may not function properly or safely with damaged components.

Vehicle Hardware Inspection

Step 1. Step 2.
1. Check each arm wire harness at hinge point for binding and wear.

2. Ensure wire connector is fully seated and secure.
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Step 3. Step 4.

3. Inspect all propellers for damage including dings, scratches, cracks or crushed midsections.
a. Always replace both blades of a damaged propeller as they are specifically factory matched.

4. Check propeller root friction by pivoting each blade about the pin.
a. Proper friction is obtained by adjusting the hand prop-nut until the blades just barely stay in
place when the vehicle is held sideways. Ensure prop-nut is firmly in place.

Moter and I
Propeller
Retetion
Direction

Communications Front Arm Base-
Antenna . Bartery Hatch

", Front Right
Arm Clip

Front Left
Arm Clip

Body

Back Arm Base Video Antenna

Motor and
Mator Pod

Step 5. Step 6.

5. Check proper propeller direction on each motor. The direction of each blade should match with the
direction arrow on the top inside face of the arm clip (see Section 3.3.1 Propeller Replacement for
more detail on identifying propeller direction and how to tell they are installed right side up).

6. Spin each motor bell to ensure there is no resistance or binding.

a. Encumbered rotation could be a result of debris in the motor or a sign of a damaged motor
bell.

b. Use compressed air to blow out dirt and other foreign matter from between the rotating bell
and stationary stator.

Copyright © 2014 Lockheed Martin Corporation 6-2
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Step 7. Step 8.

7. Pull up on each motor bell to make sure it doesn’t pull off from its base. This is to check that the
retaining clip on the motor shaft is still intact.

8. Ensure that all landing gear legs and vehicle arms are fully extended and locked into place.

9. Inspect all vehicle hardware to ensure nothing is missing or loose, including:

Step 9a. The three motor pod screws on each arm.  Step 9b. The landing gear bolt on each arm.
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Step 9c. Arm clip clamp bolt on each arm. Step 9d. Arm clip pivot bolt on each arm.

Step 9e. All four shell screws. Step 9f. The two battery hatch hinge bolts and
nuts.
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Step 10. Step 11.

10. Inspect battery compartment for foreign objects and debris.

11. Ensure payload is properly and fully seated (if necessary).
6.3.2 Hot Start Vehicle Hardware Preflight

Follow this procedure when subsequent flights are performed the same day:

1
2
3.
4.
5
6

Check props for dings, cracks, and abnormalities.

Check prop tension.

Check motor bell for excessive slop/grittiness.

Pull up on the motor bells to check that the motor shaft retaining clips are still in place.
Check that no screws are missing or loose.

Verify that landing gear is positioned and locked.
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6.4 Autopilot Preflight

1.
2.

o

E

Power on the Indago by inserting the battery into the vehicle.

Establish communication with the vehicle (for detailed instructions, please refer to
Section 4 Handcontroller Details, and Section 5 Virtual Cockpit Details).

Verify Indago Battery Voltage — A fully charged battery has a voltage of 16.8V.
a. Do not attempt to fly if the resting battery voltage is less than 14V. This can be checked in
the vehicle status bar across the top of the Handcontroller or Agent status list on the VC as
shown:

Addres | Com| Batt| Altitude Airspd |5|RC
O 3078 14,2 5 m HAL| 10.3m/s| 5| [E

Verify GPS Lock — Usually requires reception from four or more satellites.
a. The numbers of satellites detected is displayed in the Agent Status list.
b. The dilution of precision and speed accuracy values are displayed in the Artificial Horizon.
c. The UAV will only appear in the correct location on the map after GPS lock is acquired.

Addres | Com|Batt|  Altitude Airspd RC
13078 14.2 s mHAL| 10.3 m/s| o| |Gl

T
“Fa

== FRW
Throttle &

Determining Numbers of Satellites. The numbers of satellites (up to nine) is displayed in the Agent
Status list. The Artificial Horizon includes Dilution of Precision (DOP), speed accuracy, humbers of
satellites, and average GPS signal strength (circled).

Warning: If at least seven satellites are not detected, DO NOT FLY. Also DO NOT FLY if the GPS
speed accuracy is >1.5 or DOP is >3. Adequate GPS data is more important with hovering vehicles than
with fixed-wing vehicles.

5.

Verify Attitude — If the VC is in the loop, verify that attitude changes with the vehicle are properly
reflected in the Artificial Horizon.

Verify Wireless Range — Periodic range checks are appropriate to verify the proper function of the
communication link.
a. Remove the antenna from the Handcontroller and ensure communications with the vehicle
continues when it is on the ground approximately 50-100 feet away.

Sensor Checks and Failsafes — Prior to each flight, it is required that the user perform a series of
sensor checks to ensure proper sensor function.

a. On the Handcontroller, this process is condensed to one button called Sensor Check.

b. The VC requires the use of four buttons as indicated:
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Fre-Flight
IEEID F'ress.] [EF‘S Hu:ume] ’Eheck Sensnrs” FS ]

Following are the Pre-Flight button functions as shown in the above menu:

Zero Press. — Enter Zero Press to zero the current altitude of the autopilot. This step is necessary
because barometric conditions can change and we want to avoid false readings. After zeroing the
pressure, the altitude should show less than 2 meters from zero.

GPS Home, Set GPS Home Position — Upon gaining GPS lock, the Home position is set.

e Reset the Home position by pressing the GPS Home button, which sets Home at the current
UAYV position.

o Verify that the GPS has acquired satellite lock. The Home position is displayed on the map.
Note that upon taking off, the GPS Home position is moved to the UAV location at takeoff.

Check Sensors — Upon pressing this button, the autopilot performs a check on its individual
sensors (magnetometer, accelerometers, gyros, etc.) to ensure they are within operational
tolerances.

e It is imperative during this process that the vehicle is not being handled, and is approximately
level.

FS for Verifying Failsafes — Pressing this button opens the autopilot Failsafes Setup window as
shown in the following figure.

e The autopilot failsafes handle failure conditions including Loss of Communications, Loss of
GPS, and Low Battery conditions — and are set by default for a generic Indago mission
profile.

[ rrovs Aequest Seitngs | | Uplpad Senng: | IR | Feset Falsstes
UAV-3139 (Fs) 1B B :
Semngs Fly-By-Wire {(FBW) Modes
Fadry' ey E ruskides Faalzale Typpe Stage 1 Stage 2
- Low Batteny 14TV FEW AR med-stich; « 2% 142V Land How
Comm w0 Mo Coonm wVEC Comm wNT | Mo Comm wAT
o s Hewat Now, then Alter 200 8
PATILLEY GPS | HowvesMow | %% 00 0000 | by Mow Lard at
bl o Lozs of RC Ry = [Aara =
> ' Mo GFS Haver HaGPS 100 = e Mo
e Fille o Loss of GFS Go Tio FEAW Maritl
Pl
Faoad Cord
- Guidance Modes
Enable Failzale Type Stage 1 Stage 2
erve: Setug o/ Low Battery 147 v | Fiylo Raly =|| 142y Lara Nows
arlalsien i
o+ Loss ol GPS Howver Ho-GPS 0o s Land Mow
¥ Loas of Comm W0 1 [ Fiy o Rake =|| 20 0 |Land st Landinipt =
® Fadeated ae pooitied ac bided ket aach sade
®= The orly actres Fadiabe n RC Moda i "Loss of RC™
* 1l wypecarits i nod uploacked Raly/Land Wayports defaull io Home
* \afien Haorme r seleched the weiwchs val clenb bo he mrsmum o homs altiude Balote procssdng
* Gusdares Modes nckads Homa, Taks O, Land Now. Heved Mow. Raly. Sals. Manssl Ahuds. and Nins

Failsafes Setup Window.
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6.5 Validating Payload

Prior to each mission, the user must validate that the payload is functioning properly. The process is a
little different for each payload. Following are generic items to check before going airborne:

Live video feed

Mux between cameras (if applicable)
Zoom in and out

Tilt the gimbal through its range of motion
Preform flat field calibration (if applicable)
Take a snapshot (if applicable)

6.6 Mission Setup

The following describes how to set up a mission using the VC. To set up a mission using the
Handcontroller, see Section 4 Handcontroller Details.

A Flight Plan may be created by adding individual waypoints. Pre-saved Flight Plans may also be loaded
from file.

6.6.1 Adding Waypoints to the Flight Plan

1.

To add waypoints to the Flight Plan, right click over the map and select a waypoint under Insert
Commands as shown.

Mowe TakeoffLand Here Goto [/ Loop
Hower Mow Here Finish Route

Target Gimbal Here
Stop Gimbal Targeting

IUpload Flight
Download Flight

Start Measure Tool
Clear UAY Trail
Center On LAY
Wind Qverride

Add Waypoint Using Map.

Flight Plans may be loaded and saved either by using the Load and Save options under the File drop-
down menu or by using the Load/Save buttons above the Flight Plan.
a. Default waypoint parameters are recommended for first time use.
b. Waypoint types (Flight Plan items) are described in detail in Section 5 Virtual Cockpit
Details.
c. Note: Prior to getting GPS lock, the icon representing the UAV and Home location will not
appear on the map area.

In addition to normal flight waypoints, the Flight Plan includes Takeoff, Rally, and Land waypoints.

3.

If those points do not appear on the map area, select Move Takeoff/Land Here after right-clicking on
the map.
a. The user can set up the entire Flight Plan and landing sequence prior to getting GPS lock.

Copyright © 2014 Lockheed Martin Corporation
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b. Save Flight Plan(s) for use upon arriving at the flight location.
6.6.2 Editing Waypoints

As users add waypoints to the Flight Plan, waypoint parameters such as Altitude and Airspeed (default
values set) may be edited. Edit waypoint properties either by double-clicking on the waypoint on the map
or by using the Flight Plan List. To reveal the Flight Plan, click the tab at the bottom center of the map.

-
| Uniied vl (BB cra# 2 | R 0l jj;'d_?ﬁ

# Epd (m/s) Alt HAL (... North (m) East (m) |Time/In.. .
1 aypo ™ -103.586 26,52
L
TakeOff Spd(m/s) Alt HAL {.. North {m) East (m)

2.0 5.0 -115.31 60,79

Landing RlySpd.. Land Sp.. Lnd Nort.. Lnd East.. Rly Nort... Rly East ...

[

2.0 2.0 -105,5 53.0 -119.5 Bi.4
Step 1. Editing a Flight Plan Waypoint in the Flight Plan List.
6.6.3 Uploading the Flight Plan

1. Upload the Flight Plan by pressing the red button (displays agent number on the red button) Upload
at the top right corner of the map area. This indicates the Flight Plan is different from that -
on the autopilot and must be uploaded.

6.6.4 Current Flight Plan Iltem
The current waypoint is highlighted on the map and is listed in the Flight Plan tool bar.

1. Choose to fly to any waypoint at any time by right-clicking on the waypoint on the map e ﬂh_
and selecting Set As Current Command, or by changing to the desired waypoint number
in the Cmd # box and pressing Enter. The UAV will then proceed to that waypoint.
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6.6.5 Takeoff and Landing Points

Takeoff and Landing Points are considered separate from the NAV waypoints but are uploaded to the
autopilot as part of the Flight Plan. The Takeoff waypoint is used for Takeoff Mode. In this mode, the
UAV first spins up the motors and lifts off the ground. It then transitions to the Takeoff Waypoint.

Once reaching the Takeoff Waypoint, the UAV will hover indefinitely. Users have to manually change
the UAV Mode to command the vehicle out of the hover (for example, switch to autonomous navigation
mode by selecting the Nav button).

There are two landing modes:
1. Land Now - Vehicle will begin an immediate decent at its current position.

2. Land Wpt — Vehicle will first transition to the Land Point. Upon reaching the Land Point, the vehicle
will initiate a decent. NOTE: If above the set Land Point Altitude when transitioning, the vehicle will
descend to that altitude before reaching the Land Point.

Landing Point L ’ (=]
Speed {m/fs) Alt HAL (m) Latitude (DEG)
2.0 Cltm.zsns 1
Transit Mode Long (DEG)
|| Hold Prev - -111.7338887
Morth {m) East (m)
4477267.50 -3472111.00
Descent Mode ~ Alt Rate (m/s)
Hold Prev v 0.75
Payload
Payload Window ‘

After contact with the ground, the vehicle will autonomously go through its landing sequence and disarm
the motors.

6.7 Flight Operations
6.7.1 Mission Briefing

All roles should be fully understood by all crewmembers. The Pilot in Command needs to understand the
command responsibilities, and manual takeover procedures. The mission objectives, expected behaviors,
and emergency procedures need to be outlined. It is also important to understand current and forecasted
weather conditions.

6.7.2 Retasking

At any point during the mission the user has the ability to retask the vehicle. Simply insert an additional
waypoint or modify an existing one. For these changes to take affect the Upload button must be pressed.
Alternatively, the user has the ability to retask the vehicle through a series of overrides available in the
right hand pull-out of the VC (i.e., heading, airspeed, altitude).

6.7.3 Vehicle Health

It is important to frequently scan the received vehicle health telemetry during flight to be aware of the
current vehicle status. These items include the Spider Display, Virtual Horizon, Idiot lights, and Message
window. For details, see Section 4 Handcontroller Details, and Section 5 Virtual Cockpit Details.
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6.7.4 Payload Operation

Depending on whether the Handcontroller or VC is being used, see Section 4 Handcontroller Details, and
Section 5 Virtual Cockpit Details for details.
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6.7.5 Battery Monitoring

The Kestrel 3 Autopilot monitors the state of health of the battery while powered by an appropriate
Lockheed Martin battery. The health information is displayed in two places.

Monitoring Via Artificial Horizon Screen

The first of these is at the bottom of the Artificial Horizon on the VC as shown in the figure below.

e
“F. 4

—. SFE

P

Throttle O

Battery Summary Data in Artificial Horizon.
As shown in the above figure:

e The battery is fully charged and there are 36 minutes of flight time remaining; this corresponds to 138
Watt-hours of capacity.

e The battery is currently providing 16.6V to the aircraft, which is drawing less than 300 mA (the lower
limit of the measurement envelope) or 3W.

Monitoring Via Payload Control Screen

The other place the battery information is displayed is on the Payload Control screen of the VC as shown
in the figure below.
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Battery Health Data on Payload Control Screen. Display includes Serial Number, Configuration
Version, Number of Cycles, Battery Health, Status, Remaining Capacity, Temperature, Power being
provided, and pack and cell voltages.

The Virtual Horizon displays critical information so the operator can determine battery health at a glance.
The Payload Control screen displays detailed information that is helpful in diagnosing battery pack issues.

NOTE: Within the Payload Control screen are Individual Cell VVoltage displays (V #1-4), Cell Voltage
Gap (Voap), and Battery Health display.

Individual cell voltages are important because if a single cell is allowed to discharge or charge
significantly more than any others, the pack can be damaged.

Voltage gap (Vgap) value is the difference between the highest and lowest cell voltages.

Lockheed Martin Procerus Technologies recommends landing immediately if the voltage gap
noticeably exceeds 400 mV.

The Health field of the Battery display indicates the battery’s chemical capacity. This is expressed as
a ratio of measured capacity (in Watt-hours) to designed capacity (in Watt-hours).

6.8 Emergency Procedures

An essential part of successful operation of any UAV is having a firm understanding of failsafe
procedures and what to do in the event of an emergency. See Section 5.8.1 Failsafes for greater detail of
the failsafes’ behaviors.
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6.8.1 Abort/Emergency Landing
Handcontroller

During Spool up (still on ground) — press and hold disarm button.
During takeoff (<3m off ground) — press and hold disarm button.
Airborne/ Navigation:
Option 1 — Press guidance mode Land button
Option 2 — Take over in HC-POS and command vehicle to the ground, then press and hold
Disarm button

Virtual Cockpit

During Spool up (still on ground) — click the Armed button.
During takeoff (<3m off ground) — click the Armed button.
Airborne/ Navigation:

Option 1 — Press Land Now

Option 2 — Select Home then Land Now

Option 3 — Select Land Wpt

6.8.2 Intermittent/Loss of Communication

Option 1: Let Loss of Communication Failsafe run its course. If properly configured for the
mission no harm should be done to the vehicle.
Option 2: Troubleshoot the situation.

Handcontroller: Check antenna connections and orientation
Indago: Determine line-of-sights and altitude conditions
Mission: Consider landing as soon as possible

Comm link: Troubleshoot issues

6.8.3 GPS Failure
In case of GPS failure, take one of the following actions:

Option 1: Take the vehicle in HC ALT mode and manually fly the vehicle (either by sight or by video) to
a safe location; land the vehicle.

Option 2: If in a Guidance mode when GPS is lost, let the Loss of GPS Failsafe run its course. If properly
configured for the mission and vehicle is in an area safe for an autonomous landing, the vehicle should
not be harmed.

6.8.4 Low Battery

Guidance Mode - If in a guidance mode and a low battery failsafe is triggered, it is best to let the failsafe
run its course. If properly configured for the mission, the vehicle should experience no harm.

Handcontroller Mode — If in a Handcontroller mode the user notices the vehicle requires more throttle to
stay airborne, this indicates the battery is getting low. The user must find a suitable landing location prior
to Stage 2 (or Critical Battery) Failsafe kicking in.

Low Battery Failsafe — In the event the user continues flying through the low battery failsafe, Stage 2
critical battery failsafe will be encountered. This is not something the user should routinely fly to, and
could potentially cause great harm to the vehicle and surrounding property.

e Once in this failsafe the vehicle will initiate an Emergency Land Descent and immediately begin
descending toward the ground.
e The user still has the ability to manipulate the vehicle in the X/Y plain to avoid any obstacles below.
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7 Charger

This section describes methods of charging the Handcontroller battery and Indago battery using
the Indago battery charger, store charging, and steps to take for maximizing battery life.

B =

Charger for Indago Battery and
Handcontroller Battery.

The Indago Battery Charger System is designed to charge both the Handcontroller and Indago battery
packs quickly and safely.

The charger runs via standard 110V AC outlets as well as 24V DC sources. If only 12V DC is available,
the Indago battery may still be charged, but the Handcontroller battery cannot. The charger also store
charges the Indago battery to maximize life.

7.1 Battery Care

V

Indago Lithium Polymer Batteries.

o Do not deep discharge lithium polymer batteries as this damages the batteries.

o Deep discharging means draining a battery below 3V/cell. Deep-discharged batteries become
dangerous and this battery condition significantly shortens vehicle flight time.

e The Handcontroller has built-in protection that shuts down the controller when this threshold is met.

e The system has a failsafe that lands the vehicle as the low-voltage threshold is approached. The
system will not, however, stop draining the battery.
— Promptly remove the Indago battery after landing to avoid deep discharging.
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7.2 Indago Battery Charging

P

" LiPo CHARGE

15.60 14,8U(45)

Step. B Step 2a.
To charge the Indago battery using the Indago battery charger:

1. Connect the AC power cord or 12-24V DC to the charger to power on the charger.
a. The small LCD screen should light up with text displayed.

2. Insert the Indago battery into the Indago battery slot, ensuring it is seated fully.
a. The charger should display text as shown in the figure.
b. If not, press the right or left arrow until this screen appears.

3. Begin the charge by pressing and holding the Enter button until charging begins.
a. The charger will charge the pack in roughly an hour and stop automatically.

4. Press the stop button to revert back to the charger Home screen and remove the battery

7.3 Indago Battery Store-charging

When not in use, the Indago battery benefits significantly from store-charging. Store-charging puts the
battery into an optimal state that minimizes battery degradation inherent in all high-discharge batteries.

Store-charge batteries that will not be used within two weeks to help maximize flight time throughout
battery life.

Step 2.

To store-charge the Indago battery:
1. Turn on the charger and insert the battery.

2. Press the right arrow key until the screen (shown in figure) appears.

3. Press and hold the Enter key until store charging begins.
a. The charger will store the battery and automatically shut off.
b. Press the Stop button to revert back to the charger Home screen and remove the battery.
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7.4 Additional Indago Battery Charger Information

7.4.1 Charger Flow Chart

While the charger comes pre-programmed from the factory, it is possible to navigate to an undesired
location within the menus if not careful.

Follow the flow chart below to navigate back to Balance Charge, Charge, Fast Charge, or Storage Charge.
It is not recommended that the user adjust any of the configurable parameters of this charger.

PROGRAM SELECT LiX{ BALANCE CHG| ! LiXX CHARGE I LiXX FAST CHARGE =" |LiXX STORAGE
Lithium battery = 1. XA AUTO) «Dec |XK. XA XX XV(XS) | «D LA XK XV(¥S) | eo |[X.XA XX XV(S)
Inch I 4Dec
LiXX MONITOR . o L1XX CYCLE £t LiX¥ DCHG+ X. XXV | - |LiXX DOHG XXXV
HEKV XK XV(XS) | «Dec [X: X XXV-2X:X XXV ) <D X XA AUTO ec [X.XA XX XV(S)

NiMH FORMING CHG
X XV (X3)

X. XA

PROGRAM SELECT
NiMH battery

NiME CHARCE Aut |

[NiME CHARGE Man

X. XA CUR LIMIT|

g i)

CURRENT

[NiMH DISCHARCE

o (X 1A

NiMH CYCLE X

XX, XV

o | 30 (X0 > X

Batt typ
4Dec Inchk

PROGRAM SELECT

NiCd CHARGE Aut

NiCd CHARGE Man

NiCd DISCHARGE

NiCd CYCLE X

NiCd battery X.XA  CUR LIMIT| «Dec (X.XA  CURRENT| «p=c X 1A X XV | 4 Dec | 300X (000 XK
e I Batt type :\-_.;pt 4Dec
PROGRAM SELECT Pb CHARGE Inc* [py DISCHARGE NiCd FORMING CHG

Pb battery XA XL EV(XS) | «pec [X. XA XX XV(XS) XLX4 XX XV(XS)
PROGRAM SELECT Lithium battery I Bal. Speed XXXNXX I Li Balance ON “¥"|Wait Time
|Settings | Check Time XXmin) «Dec |Bal. Trickle XXXJ «Dec | pae| ) ec _CHG_.-"[]CHG min
Inchk t 4Dec
NiMH/NiCd Check | Inc™[Nicd Sensitivity| Inc™ [NiMH Sensitivity] Inc*[NiMH/Nicd/Pb
Delay {imin ) «Dec |DeltaV XXmV/Cell | 4Dec | DeltaV K.Hm‘f_._.-'Ce]lJ ec | Trickle NiEmA
Z‘::Pi 4Dec
Temp. Cut-Off I Safety timer I Capacity Cut-Off | "¢ ™ [Input limit X0 X
XXX XXC ) «pec [XXX Xi¥min) 4 Dec | XXX HXNKmah | ec | Cut—0ff XX EXV
o ) Inchk t 4Dec
4Dec Inc ™ -
Back-light XX% Completion Ring |- Key Beep XXE Watt Limit (W)
Cooling fan XXX Beep XXX - | Buzzer XX o | CHG: XX¥X DCHG:XX
Z:::PI 4Dec
Discharge reduce Regenerative DSC LiFe Termination‘ “*|1ilo Termination
OFF X% | «Dec | XXX KK XA XX XXV - |voltagze X X%V c|voltage X EXV
Inch t 4Dec
PROGRAM SELECT MOTOR DRV X¥min) Inc™[FoaM cUT Ximin [Measure Internall LiPo Termination
Special modes X XA )i }{'\-" dec LK. XA XX XV dec Lresis‘tance ) _‘."oltage X XXV )

PROGRAM SELECT
Save settings

SAVE SETTINGS XX
memorvi

PROGRAM SELECT
Load settings

LOAD SETTINGS XX

memorvi

Charger Flow Chart.

Tnch I ADec

Pb Termination
Voltage X XXV

Copyright © 2014 Lockheed Martin Corporation
All Rights Reserved

7-3



L =
M Indago User Guide LOCKNEED MARTIN $
Proverus Teolnotegies, £C.

In-depth Charger Manual

For more information regarding safety, use, and functionality of the charger please consult the in-depth
charger manual found at this link:

http://www.progressiverc.com/media/iCharger%20206B%20Manual.pdf

7.5 Handcontroller Battery Charging

Step 1.

1. Connect the AC power cord or 24V DC to the charger to power-on the charger.
2. Drop the Handcontroller battery pack into the charger’s Handcontroller battery slot; charge begins
automatically.
a. Battery charge status shows on the small display on the exposed end of the battery.
b. Flashing bars indicate the pack is being charged and percent to completion.
c. A full charge from a depleted battery pack usually takes less than an hour.

Copyright © 2014 Lockheed Martin Corporation
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8 Description of Warnings

This section details warnings that may be encountered during normal operation of the Indago
system.

8.1 Battery Faults

Cell Imbalance Warning

Caused by one of more of the internal cells that make up the battery pack having a voltage that is higher
or lower than the rest of the pack.

This is often due to a fatigued or damaged pack. Cell imbalances often lead to shorter flight times and
continued damage to the pack if the pack is completely discharged.

Consider replacing the battery pack.

Cell Imbalance Permanent Fault

Error occurs when the cell imbalance warning condition has deteriorated to a fault state.
The pack is no longer serviceable and needs replacing.

Cell Under-volt Warning

Caused by one or more of the internal cells comprising the battery pack having a voltage below the low-
voltage threshold of the battery pack; often due to over-discharging the pack.

A fatigued or damaged pack may cause this condition to occur more frequently. Cell under-volt
conditions often lead to permanent battery damage, shorter flight times, and continued battery damage if
the pack is completely discharged.

Consider replacing the battery pack.

Cell Under-volt Permanent Fault

Error occurs when the cell under-volt warning condition has deteriorated to a fault state.
The pack is no longer serviceable and needs replacing.

Battery Deterioration Warning

Caused when the health of the battery falls below the battery deterioration limit (typically 75% of rated
capacity). This means the battery is becoming fatigued and can no longer provide the energy required for
normal flight times.

Consider replacing the battery pack.
8.2 ESC Faults

Red-Green Alternating Flash on a Motor Pod

Indicates that a motor pod did not initialize correctly. Can be caused by a wiring or connection problem
between the motor pod and the main vehicle assembly.

Check that the arm is firmly connected to the vehicle and re-power the vehicle. If the problem persists, the
vehicle may need servicing.
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8.3 Miscellaneous Warnings

Protocol Mismatch Error

This error may occur if a protocol mismatch is detected between various system elements. It is usually not
a problem and should be disregarded if it infrequently occurs. It is often caused by a mismatch between
Virtual Cockpit (VC) and autopilot firmware versions.

Updating to the latest VC and autopilot firmware frequently solves the issue.
8.4 Kestrel 3 Autopilot Faults in Message Window

In Flight

High Vibration Detected — Warning is present when unusually high vibration is detected during flight.
This error may be triggered by extended periods of fast forward flight in a VTOL aircraft.

If this error persists during extended hovering periods, the vehicle may need servicing; specifically, the
autopilot vibration mount or motor pods and props.

Excessive Vibration Detected — Warning is present when excessively high vibration is detected during
flight.

If this error persists during extended hovering periods, the vehicle may need to be serviced.
Startup/Preflight Errors

Warning: Motor Pod Missing

Error is caused by a communication problem between the avionics and a motor pod on the Indago.
Re-check the arm connection. If the problem persists, the vehicle may need to be serviced.

Sensor Failures During Pre-Flight Sensor Check

Gyro Fail: Can be caused by two issues: 1. Movement of the vehicle during Sensor Check routine; 2.
Hardware or calibration issue with the Gyro.

Ensure the vehicle is level and run the sensor check a second time. If the error persists, the vehicle may
need servicing.

Accelerometer Fail: Can be caused by two issues: 1. Vehicle not perfectly level during Sensor Check
routine; 2. Hardware or calibration issue with the Accelerometer.

Ensure the vehicle is level and run the sensor check a second time. If the error persists, the vehicle may
need servicing.

Airspeed Failure: Can be caused by two issues: 1. Wind blowing into the pitot tube during pre-flight; 2.
Hardware or calibration issue with the Airspeed Sensor, clogged pitot, or pitot tube plumbing.

Check the Pitot system for problems, make sure wind is not blowing into the pitot tube, and run the sensor
check a second time. If the error persists, the vehicle may need servicing.

Altitude Failure: Can be caused by two issues: 1. Altitude not zeroed; 2. Hardware or calibration issue
with the Altitude or GPS sensor.

Re-click Zero Pressure in the Virtual Cockpit, wait 10 seconds, then run the sensor check a second time.
If the error persists, the vehicle may need servicing.

Roll or Pitch Failure: Can be caused by two issues: 1. Vehicle not perfectly level during Sensor Check
routine; 2. Hardware or calibration issue with the Inertial Sensors.
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Ensure the vehicle is level and run the sensor check a second time. If the error persists, the vehicle may
need servicing.

Temperature Failure: Caused by the avionics being too hot.

Place the vehicle in shade to allow it to cool, then re-run the sensor check routine. If the problem persists,
the vehicle may need servicing.

Mag X/Y Failure: Can be caused by two issues: 1. Magnetic heading sensor not agreeing with the
estimated heading; 2. Hardware or calibration issue with the Magnetometer.

Place the vehicle on a level, non-metallic surface (such as the ground) and allow it to rest for 30-60
seconds to re-align the magnetic heading.

Run the sensor check a second time. If the error persists, the vehicle may need servicing.

Warning: No Home Position — Aircraft Navigation Disabled: Warning is present prior to initial GPS
lock and acquisition of a Home position. This message disappears once GPS lock is acquired.

Sensor Init Failure — Sensor Init Failure — Flight Disabled

Error is due to power failure upon internal check of the Accelerometer. It can be incorrectly triggered by
excessive movement of the vehicle during power up.

If this error occurs, re-power the vehicle while holding the vehicle still.

If the error persists, the vehicle may need servicing.

Copyright © 2014 Lockheed Martin Corporation 8-3
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9 Troubleshooting Guide

This section describes steps to resolve potential issues with the Vehicle, Payload, Handcontroller,
Virtual Cockpit, Charger, and Battery — and provides troubleshooting/solutions for each.

9.1 Vehicle

Vehicle Issue Troubleshooting/Solutions

Indicates loose landing gear or excessive vibrations.

e First, try tightening the screw holding the landing gear together.

o |If that does not solve the problem, check for cracked or damaged
propeller blades, or bent motor bells.

e Replace any damaged components.

Landing gear
“buzzing”

Broken components:
landing gear, props, e Replace any damaged components.
arms, etc.

Usually indicates a propeller set was installed incorrectly and is producing

thrust in the wrong direction.

e Check to see that the rotation of the blades is correct for their respective
arms.

e Arm the vehicle and watch to see that the blades spin in the correct
direction corresponding to their blades.

May indicate a poor GPS signal.

) e Fly the vehicle away from buildings and other obstructions to allow for a

Toilet-bowls/doesn’t better view of the sky.
track straight Or, may indicate an improper magnetometer calibration.

e Recalibrate the magnetometer in VC F5>Mag Cal and follow the
directions on the page.

Vehicle will try to descend when in low battery state.

e Try afreshly charged pack to see if the problem is remedied.

e May be a discrepancy between barometric and GPS estimated altitudes if

o Zero Press and GPS Home are not pressed before takeoff. This would

Doesn’t maintain make the vehicle believe it is higher or lower than it should be.

altitude Or, autopilot may be improperly vibration isolated.

e Remove the top shell of the vehicle.

e Inspect the autopilot to ensure it can move freely on its vibration isolation
plate and that its movement is not impinged by other components or
taught wires.

Fault detected (with alternating color lights).

e No motor communication.

Damaged motor component(s).

e Replace arm.

Glitch on boot up.

Motor(s) spinning e Power cycle vehicle; ensure Indago battery is fully seated.

wrong direction Damaged arm wires/esc.

e Replace arm.

Improper propeller root friction.

e Loosen/tighten prop nut as outlined in Section 3.3.1 Propeller

Replacement.
Damaged propeller(s)/debris on propeller(s).

e Clean propeller(s).
e Replace propeller(s) (BOTH blades).
Damaged Motor(s).

Flips over on takeoff

Motor(s) not spinning

Vehicle vibrating
significantly
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Vehicle Issue Troubleshooting/Solutions

e Replace arm(s).

Arm hardware error (motor, controller, wiring).

e Power Cycle vehicle.

e Replace arm.

Flight pack uncharged or only stored charged.

e Fully charge Indago battery.

Short flight time Damaged vehicle Indago battery.

e Replace Indago battery (do not fully drain a good Indago battery and

always store charge packs for periods of unuse to avoid damage).

Not holding a heading/ | Yaw bias due to damaged/misaligned motor(s), arm(s), or propellers.
yawing difficulty o Replace damaged motors and propellers.

Loose hardware.

e Tighten arm bolts.

Damaged arm clip.

e Replace arm clip.

Nav Lights alternating
colors

Loose arms

9.2 Payload

Payload Issue Troubleshooting/Solutions

FLIR IR Camera — Must be flat-field calibrated to show a clear image.

e Can be accomplished by parking and unparking the camera.

e Park/unpark button can be found in the Payload Modes.

e These modes are available above the virtual horizon in VC when they are
checked ON under the View menu.

Vibrations — A blurry image can also result from excessive vibrations.

e Ensure prop-nuts are not too tight.

Blurry image e Ensure no cracked or otherwise damaged propeller blades or motor bells.
Replace if necessary. If the blades look good but are still suspect of
producing vibrations, weigh each blade set from each motor to make sure
the two halves are closely matched in weight (<+.2g?).

e Replace unmatched sets for closely matched sets.

Gimbal — If the image is still blurry and the vehicle’s vibrations are not

excessive, the vibration isolation in the gimbal may be worn or damaged.

e Send in the gimbal for repair.

Pogo pins on the payload and payload quick detach can be dirty or corroded.

e Clean off the pins and contact pads with a clean rag and isopropyl

No elevation control alcohol.

Vehicle may not be configured correctly.

e Load the proper XML files for the vehicle and try again.

Pogo pins on the payload and payload quick detach can be dirty or corroded.

e Clean off the pins and contact pads with a clean rag and isopropyl
alcohol.

No video Receiver may no longer be functioning.

e Check its antenna and power input.

o Verify proper video channel (Vehicles ship by default on analog channel
#8)

Pogo pins on the payload and payload quick detach can be dirty or corroded.

e Clean off the pins and contact pads with a clean rag and isopropyl
alcohol.

Vehicle may not be configured correctly.

e Load the proper XML files for the vehicle and try again.

Camera Muxing not
working

Copyright © 2014 Lockheed Martin Corporation
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Payload Issue Troubleshooting/Solutions

Pogo pins on the payload and payload quick detach can be dirty or corroded.

e Clean off the pins and contact pads with a clean rag and isopropyl
alcohol.

Vehicle may not be configured correctly.

e Load the proper XML files for the vehicle and try again.

Care must be taken to avoid scratching the lenses.

Lenses scratched o If the lenses are excessively scratched to the point of degrading video

guality, send in the gimbal to have new lenses fitted.

Camera zoom not
working

9.3 Handcontroller (HC)

HC Issue Troubleshooting/Solutions

Wrong modem channel.

e Assign vehicle and HC to same channel. For details see Section 4.3
Establishing Communications.

Can’t get video in HC | ¢ Ensure that the HC video channel is set properly.

o Verify that the USB cable is properly seated in the VC computer and the
HC USB mini B port.

e Check that the proper com port is selected in the VC F7 Comm and XML
settings screen.

e Check that the com port is opened. The Open button should be grey.

o Verify that the HC is connected to the VC by checking for the Commbox-
HC text in the VC message window.

o Verify that the VC computer is connected to the HC WiFi access point.

o Verify that the VC computer has been assigned an IPv4 address of
192.168.168.101. This can be done by running ipconfig from a Windows
command prompt.

e Check the settings on the VC F7 screen: Enable UDP box should be
checked; all ports should be set to 20003; the Remote IP should be

Can’t establish
communications

Can’t Connect to the
VC over USB

Can’t Connect to the

VC over WiFi 192.168.168.100.
o Verify that the USB cable is not plugged into the HC. This will cause
communication to not flow over the WiFi link.
o Verify that the HC is connected to the VC by checking for the Commbox-
HC text in the VC message window.
o Verify that the VC computer is connected to the HC WiFi access point.
o Verify that the VC computer has been assigned an IPv4 address of
192.168.168.101. This can be done by running ipconfig from a Windows
No HC video stream on command prompt.
base computer o Check that the HC is in streaming mode. The streaming menu option

should say HGCS->Turn Video Streaming Off.
e Check that VLC is setup to properly receive the stream — URL:
udp://@192.168.168.101:3001
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9.4 Virtual Cockpit (VOC)

VC Issue

Can'’t establish
communications

Troubleshooting/Solutions

See Section 5.2 Establishing Communications.

VC hangs on wake-
up/un-suspend

Putting a computer/laptop to sleep with the VC running can cause the VC to
hang when waking the computer up again.
e Exit the VC bhefore suspending/putting the computer to sleep.

VC hangs when serial
port unplugged

Some USB to serial converters can hang the computer/VC when they are

unplugged from the computer while they are in use.

e Close the serial port (F7 screen) or exit the VC before unplugging these
converters.

Error about missing
d3dx9... DLL files when
running the VC — For
example, d3dx9_42.dll
missing

Computer needs to be updated with the latest Microsoft® DirectX runtime
libraries. There are two ways to fix this.
e Rerun the VC installer with computer connected to internet.
— Agree to do the portion that updates the DirectX runtime libraries.
e Connect to the Microsoft® website (http://www.microsoft.com/en-
us/download/search.aspx?g=directx).
— Choose DirectX End-User Runtime Web Installer.
— Follow the instructions on that website.

Maps inaccurate

Either the map’s world file is damaged, or the user who made the map left
one or more steps out of the map making process.

e See Section 5.7.1 Creating Maps.

e Set Elevation Exaggeration to the lowest possible value.

e Press the “r" key in Google Earth before starting MapMaker.

Vehicle not visible on
map

Right-click on the map and select Center on UAV.

More than 15 flight
items not allowed

This is normal behavior for the commercial version of the VC.
e Please contact Lockheed Martin Procerus Technologies if an upgrade to
the full version of the VC is needed.

Serial port won’t open
in the VC

Port probably in use by another program.

e Close that program and try again.

¢ Note there should NOT be more than one instance of the VC running at
any time.

Spider display
warnings

High controller temperatures.

e Operating in excessive temperatures.

e Damaged motor pulling excessive current.
e Damaged controller.

Thrust Offsets.

e Damaged propeller or motor.

e Misaligned arms from loose bolts or damaged arm clip.
Over Current.

e Damaged motor pulling excessive current.
e Damaged controller.

ESC Comms.

Damaged wiring.
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Charger Issue Troubleshooting/Solutions

Getting into wrong
menu

Return to lipo menu.
e Follow the directions in Section 7.4.1 Charger Flow Chart to return to lipo
charge.

Handcontroller battery
will not charge

Check source voltage.

o |If the charger is connected to the DC input with 12V, the Handcontroller
battery charger will not operate. It requires a 24V through the DC input or
120V through the AC input to work properly.

Int. temp over chg
stopped

Charger will reduce its output power by 25% when the internal temperature
exceeds 140°F (60°C). If the temperature exceeds 150°F (65°C), the
charging is stopped.

e Move the charger to a shaded area.

e Turn off the charger to give it some time to cool.

Connection break down

Connection with the Indago battery was interrupted during charging or
discharging.

e Press Batt type/Stop to exit the warning.

o Replace the battery pack and restart charging or discharging.

Input voltage low
voltage

Input voltage is lower than the value set in the USER SET menu.

e Check to make sure the source voltage is not too low.

e Change the source voltage to keep it above the value set in the USER
SET menu.

Input voltage over
voltage

Input voltage is over 32V.
e Check to make sure the source voltage is not too high.
e Change the source voltage to keep it under 32V.

Balance port cell high
vol

Voltage of one of the cells is too high.

e Check the individual cell voltages.

e The battery pack may be permanently failed; check fuel gauge LCD for
flickering.

Balance port cell high
vol

Voltage of one of the cells is too low.

e Check the individual cell voltages.

e The battery pack may be permanently failed.
e Check fuel gauge LCD for flickering.

Safety time out stopped

Charger reached the set protection time limit.
e Out of balance battery will take extra time to charge. Please restart the
charge.
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9.6 Battery

Battery Issue Troubleshooting/Solutions

Represents a permanently failed battery that has been over-discharged or
LCD flickering has too large of a cell gap. The battery pack is no longer safe to fly.

e Replace the battery pack.

If the Indago detects a permanent failed battery in flight, it will try to let the
Indago finish its current flight. Once landed, the Indago will not be allowed to
take off with a permanently failed battery.

e Replace the battery pack.

This typically means the I°C bus may be experiencing issues or the

Indago won't take off

Autopilot fails to connection to the battery communication lines is poor.
communicate with e Try pulling out the battery and plugging it back into the vehicle to see if
battery the problem resolves itself.

e If the problem still exists, try a different battery pack.

If the battery is discharged low enough to trigger a permanently failed battery

Battery discharged too | (see LCD flickering above) then the pack has been damaged and is no longer
low suitable for flight.

e Replace the battery pack.

Typically occurs if a battery has been improperly cared for or over-

Cell gap too high discharged. If the battery has not triggered a permanent failure:

e Replace the battery pack.

Typically occurs after a battery has been exposed to extremely high

temperatures or over-discharged. This may be accompanied by a

permanently failed battery (see LCD “flickering” above).

e Replace the battery pack.

Puffy pack
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Appendix A: Flight States

Introduction to Flight States

Flight states are a method used by the autopilot to keep track of the overall state of the aircraft’s mission
and to govern what actions are available at any point in time.

The current flight state is always displayed in the Flight State Indicator in the Virtual Cockpit (VC) or on
the Handcontroller (see figure below).

LOCKNEED MARTIN ﬁ
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Flight State Indicator Location in the VC.

There are nine flight states visible to the user. These flight states are: Preflight, Disarmed, Spool Up,
Ready for Flight, Climb Out, Airborne, Airborne without GPS, Landing, and Landed.

Flight States Quick Guide

Flight State Indicator Description Exit State
The operator is expected to perform |Perform a sensor
. any preflight tasks and ensure that |check
Motor Armed . . L

FETgE IR the aircraft is ready to begin flight
operations.
The motors are not yet armed but  |Arm the motors

Disarmed [DISARMED" |the autopilot is now ready for
motors to be armed.
This state is intended to give the Wait for the timer to

Spool Up _ SPOOL UP motors time to spool up and the finish counting down

props to begin spinning in a stable
manner.

Ready for Flight

READY

The autopilot is waiting for a control
input in order to take off.

Take off

This state is active until the aircraft

Wait for the autopilot to

Climb Out _ can reasonably assume that it is off |sense that it is airborne
the ground and in stable flight.
The autopilot senses that it is in the |Land autonomously or
. air and will follow flight commands. |land and disarm in
AL _ I EHARAEN Manual or Position
mode
Airborne The autopilot senses that it is in the [Regain GPS or land
without GPS _ AlR: MO GPS  |air without GPS and will only fly in
ALT or Manual modes.
. Autonomous landing has been Finish landing
LEmelng _ ~ LANDING requested and is being executed.
Complete any user-configured post- |Wait for tasks to be
Landed LANDED  [flight tasks, such as committing completed

unsaved data to flash.
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Flight State Flow

The autopilot will boot up in the Preflight state. During this state, the operator is expected to perform any
pre-flight tasks and ensure that the aircraft is ready to begin flight operations. The motors are unable to
arm and the aircraft is generally considered safe. To exit this state, the operator will need perform a sensor
check via the virtual cockpit or hand controller. Once the sensors have been checked, the aircraft will exit
the Preflight state and enter the Disarmed state.

In the Disarmed state, the autopilot is waiting for the motors to be armed. Once the motors are armed, the
aircraft will enter the Spool Up state. This flight state only lasts a few seconds and is intended to give the
motors time to spool up and the props to begin spinning in a stable manner.

After the Spool Up state, the autopilot will progress to the Ready for Flight state. At this point, the
autopilot is waiting for a control input in order to take off. If the operator were to disarm the autopilot in
this state, it would go back to the Disarmed flight state. Once a takeoff is requested or the throttle is
advanced via the Handcontroller, the flight state enters the Climb Out state.

This state is active until the aircraft can reasonably assume that it is off the ground and in stable flight.
During the brief Climb Out state, throttle/altitude inputs from the user are ignored.

Next, the aircraft enters the Airborne or Airborne without GPS state, depending upon whether or not the
autopilot has GPS lock. The vehicle stays in the Airborne state until either an autonomous landing is
requested or the vehicle is disarmed. If an autonomous landing is requested, the vehicle enters the
Landing flight state. Once the vehicle is disarmed, or an autonomous landing has completed, the vehicle
enters the Landed state.

The Landed state lasts long enough for the vehicle to complete any user-configured post-flight tasks, such
as committing unsaved data to flash. Once the post-flight tasks have completed, the vehicle moves to back
to the Disarmed state.

The figure below shows the flow from one flight state to the next.

Flight State Flow.
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Appendix B: Guidance Modes

Mode Description

After climbing to the altitude specified in Default WP Trans Alt (on the K3
Guidance settings screen, under Modes), it flies to the location specified in the
Takeoff waypoint while climbing to the altitude specified in the Takeoff
waypoint.

The button has two different click points that are separated by a dividing line.
When clicked to the left of the dividing line, the Takeoff mode is set to Land
Now. When depressed to the right of the dividing line, a separate menu is
displayed allowing for different takeoff commands. The command is not sent
Land to the autopilot until a second click on the menu is performed.

Land Now: Descent at the current location. After touching down, the throttle
is turned off.

Waypoint Land: Fly at the current altitude to the Landing waypoint. Then
descend. After touching down, the throttle is turned off.

Takeoff

Hover Now Holds current altitude and position.
Flies to the Home location at the current altitude and then holds that position.
Home If the UAV is below the “minimum go-home altitude,” it will climb to that
altitude before proceeding home.
Rally Flies to the Rally waypoint at the current altitude and then holds that position.
Manual Position, yaw, and climb rate are controlled by the gamepad.
Altitude Position, yaw, and altitude are controlled by the gamepad.
Nav Flies to each waypoint in Flight Plan according to waypoint parameters.
Safe Prevents the motor/engine from throttling up under any circumstances.

Autopilot disables high-level and most low-level control, giving stick-to-surface
control to the pilot via the RC controller. Rate damping is still added in for
additional stability in flight. When RC Mode is disabled, autopilot resumes in
whatever mode it was in before RC Mode was enabled. RC Mode is enabled
via the channel 5 switch on RC controller.

RC Mode (all other
modes grayed- out)
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Appendix C: 3DR Modem
Equipment Checklist

1. 3DR radio for the ground station.

2. 3DR radio for the vehicle.

3. USB cable for 3DR.

4. 3DR Radio Configuration Tool (download from http://ardupilot.com/downloads/?did=89).

Configuring a New 3DR
NOTE: The 3DR radios included with the Indago system should come preconfigured for use. All that
will need to be done is change the channels on both radios to the preferred channel. The following are
steps to take upon acquiring a new factory default 3DR radio.

1. Using the USB cable, plug in the 3DR modem that will be used for the vehicle into the computer.
NOTE: If the computer does not recognize the 3DR modem when plugged in, then install the drivers
which can be found online at http://www.ftdichip.com/Drivers/\VVCP.htm

2. Open the 3DR Radio Configuration Tool.

Select the correct comm port and set the baud rate to 57600.

4. Click the Load Settings button.

0 3DRRadic Config 1.3 - by Michael Oborme i =
i Settings  Termimal RSS]  About

e T ISDR%‘?F'%

e |

Selfings
| load | save || vekadFumwaes || Resstio | [ upkoad Custom
| Semrga ||| Sethngs | {Lecal) | Dafandts | Firemwane
Local Fsmale
Verson 5K 1.7.0n HM-TRP FREQ_915 DEVICE | Wersion
p_HM TR
L/R RS51: 37/0 L/Rnoiss: 280 pids:  teasl P
RIS poprmd stcel) soiel] gce=0l0 e =275 dea=0
Fsanl b Min Freg Y0 - Farroak M Freg B35000
B 115 =  MzcFmg proce - B o Fregy B0
A Spend %% =  Hof Charrels 5 - M Speed - | of Channeis
a3 30 »  DutyCyde 100 - Sy g - DutyCycls
T P &0 - LET R a - T Power LBT Fas

e Windorwr fmal | 23
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5. Change the settings on the 3DR so that the Baud is 115, Air Speed is 96, Mavlink is RawData , Op
Resend is unchecked, and the Net ID is set to the channel the user wants.

m“m
Load save || UploadFin
Settings || Setfings (toc
Local
Verson SiK 1.7on HM-TRP FREQ_915 DEVICE_|
D_HM_TR
L/RRSSE 37/0 L/Rnoise: 28/0pkts: 0 be=0 P

RSSl  pe=3 st=0 srx=0 ecc=0/0 temp=-276 dco=0

Format 25 Min Freg 915000 -
Baud 115 »| MaxFreg $28000 -
lir Speed 9 »| #of Channels 50 -
Met 1D 30 w|  DutyCycle 100 -
Tx Powsr 20 +  LBTRssi 0 -
ECC vl Max Window ms) | 3J

Maviink RawData -

A Seftings for Standard Maviink
Op Resend ! Settings for Low Latency

6. Click on the Save Settings button.
7. Change the ComPort Baud rate to 115200 to regain comunication with the 3DR.
8. Click Load Settings to confirm that the changes were properly saved.

#t 3DRRadio Config 1.3 - by Michael %me
Settings Terminal RSSI  About
ComPort
ot  COM25 v 1. Please Sele
and baudra
Baud 115200 - 2. Then chick |
Seltings
Load
I Settings

9. Unplug the vehicle’s 3DR from the USB and plug in the ground station 3DR.
10. Repeat steps 3 and 4 for this radio.

11. Change the settings on the 3DR so that the Baud is 115, the Air Speed is 96, the Op Resend is
unchecked, and the Net ID is set to the same channel as in Step 5.
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Settings
Load y Upload Firrmvare
Settings Settings {Local)
Local Remo
Version 5K 1.7 on HM-TRP FREQ_915 DEVICE_| Vers
D_HM_TR

L/R RS5L 116/0 L/R noise: 73/0 pds: 0 s P
R3Sl =7 stx=l snc=0 ecc=0/0temp=-276 dco=0

Baud 115 - Max Freq 523000 - Fak

T P 20 - LET Rssi 0 - TP

ECC 7 Max Window fms) |12 v ere

* Mad
Settings for Standard Maviink

Settings for Low Latency OpF

12. Plug in a battery into the Indago to power the vehicle side 3DR.

13. Watch for the groundstation side 3DR to have a solid green LED. This will idicate that the modem
has established link.

14. Click on Load Settings to verify communication from both modems. The settings should match the
screen shot below. The modems are now properly configured for use.

ISR

Load Save Upload Firmware FResst io Llphul Cuslom Satus Leds
| it ‘ | - | {Leszal) Dafauits Firtmwhne
Leal Remats
Vergion S 1.7 on HM-TRP FREQ_315 DEVICE | Vermion SK17on HM-TRF DEVICE |
D_HM_TR D_HM_TR
: LA RSSE 1911153 LRnose: 7255kt 634 P P
RSS! bowal none 4 stuel ool ecce19/7 femp=-275
Fomst 5 Min Freg 95000 - Foemat 25 b Freg S15000 -
Baud 115 *  MmFmeg 523000 - Baud 15 = maFreg 528000 -
A Spood % * HoOhanels 50 - A Soond 9% v BofChewnels 50 -
Het 1D 30 +  DutyCycle 100 - et 1D n »  Duty Cycls 100 -
TP 0 + LETRss o - TP 20 » LBT Rssi ] -
e el Max Window fma) | 13 - B 7 Iokae Winedow fma} 33
Mandrk Mlardirk - Wik RawData =~

Seaingy for Stondarnd Mavink
Seings for Low Lagency
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Changing Channels on the 3DR

NOTE: This section assumes using the 3DR modem(s) preconfigured for use with the Indago system. All
that will need to be done is change the channels on both radios to the preferred channel as discussed
below. If acquiring a new factory default 3DR radio, follow the directions listed at the beginning of this
section.

1. Using the USB cable, plug in the 3DR modem to be used for the vehicle into the computer.
2. Open the 3DR Radio Configuration Tool.

3. Select the correct comm port and set the baud rate to 115200.

4. Click the Load Settings button.

@n 3DRRadio Config 1.3 - by Michael Oborne

Settings Terminal RSSI  About
COMZ5 - 1. Please Sele
ot and baudra
R 115200 g 2. Then click |
Settings
Load
I Settings

5. Change the Net ID to the channel chosen.
6. Click the Save Settings button.

~FTLLH P2

Load Save Upload Fin
Settings Seffings (Loca
Local
Version SiK 1.7 on HM-TRP FREQ_915 DEVICE_I
D HM_TR

L/R R5SI: 37/0 L/R noise: 28/0 pkts: D txe=0 P
R3Sl e stosl s ecos0/0 temps-276 deosD

Format 25 M Freq 915000 -
Baud 115 +  MaxFreg S28000 -
P Speed 96 v HofChannels 50 -
Net ID 30 - Duty Cycle 100 -
Tt Power 20 »  LBTRasi 0 -

7. Click the Load Settings button to confirm that the channel was saved.

8. Unplug the vehicle 3DR modem from the USB cable and plug it into the ground station 3DR.
9. Repeat steps 3-7 for the ground station 3DR.

10. Plug in a battery into the Indago to power the vehicle side 3DR.
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11. Watch for the groundstation side 3DR to have a solid green LED. This will indicate that the modem

has established link.

12. Click on Load Settings to verify communication from both modems. The modems are now ready for
use.

— P — — — 1&]@“
ComPest
Pot 'COMR4 - 1. Plenss Select the compord
and baudrate for your I0RFRdS.
Bagd V1200 w 2 Then chck load settings. CmnG
-
Seitings
Load Sanve Upload Firmware Flesst o Uphoad Cusiom Sotus Leds
Sattirgs Sathngs {Lescal) Defandts Firrmware
Lenl Remate
Version 5K 1.7on HM-TRP FREQ_315 DEWVICE_| Version SK1.7on HM-TRF DEVICE |
[ _HM_TR |_Hl
Y LR ASSL 191153 L/R nose: 72/55 plds: 634 P P
R3Sl el oone34 stwl soel) ecce19/7 femp 276
Fomat = Min Freg NN v Femat 5 in Freg 500 -
Baud 115 - hFﬂ 2000 - B 15 - IHFI'H S28000 L
A Soved 5 »  Hof Channels 50 - e Spoed 5 v  Eof Charnels = -
Net ID 30 »  Duty Cyde 100 - Net ID n w  Duty Cycls 100 -
Te Po il ~ LETRes o - TP 20 » LETRss 1} -
e v Max Window fra) | 13 - ot 4 Mz Window fma) 23
Mavinic lnirk - [T FawDaa =
Sefings Tor Stondard Mk
Op Resend Seeings for Low Latency Op Resend =
Copy Reguired
Done Lrhgp_lvgmj
. S I
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Communication with Virtual Cockpit and the 3DR Modem

1. Open Virtual Cockpit.

2. Press F7 and navigate to the Comm and XML Settings page.

3. Make sure the Baud is set to 115200 and open the correct comm port for the 3DR.

Communications Port

Hide Unavailable Parts

Settings Pat | COM24USE® »

» Comm and XML Settings

Video Settings Cloze | Baud | 115200 =

Map Settinas

Virtual Cockpit  (F7)

4. Verify communication with the 3DR modem by hitting F6 and navigating to the 3DR Modems page
and looking to see that the values populate.

Commbox {Fﬁ} 3DR Modemns!
Settings Mame Value
Settings Ground RSSI 103
» 30R Madems Bircraft RSSI 0
TX buffer use 100
Ground Moise 62
Aircraft Moise ]
Receive Errors 65
Errors Corrected |0
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Appendix D: Service Bulletins and Notes
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