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Fig. B.3: Paparazzi GCS interface.

(3) Communication problem. If datalink gets defective (hard to commit changes of the
waypoints) or losses (color changed from green to red, increasing number appears), the
ground modem antenna should be adjusted and the safety pilot should be informed
to manually take over the plane.

(4) GPS problem. Sometimes during flight, the GPS signal might get defective, and the
operator will observe long delay of the plane’s moving trace. At this moment, the
operator needs to try to bring the plane back to the Standby point and check both
GPS accuracy and the updating frequency. If either information looks strange, the

safety pilot needs to be informed to take over the plane.

B.5 FAQ

(1) What are the three most frequent and important places to monitor?

(1.1) Altitude (Real altitude/Desired altitude). Make sure the actual altitude is safe
and valid at every stage. Autonomous landing altitude should be about 15 to 18

m.
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(1.2) Flight map. Make sure the distance between the plane and the Ground Station
is excessive. Then bring the plane back to Standby if the plane flies out of the
boundary and out of the sight of the safety pilot.

(1.3) Battery voltage. This directly relates to autonomous takeoff and how much flight
time remains. When the battery voltage is below 11.3 V after the previous flight,
batteries have to be recharged or replaced. If the battery voltage drops to 10.5

V during flight, the plane has to land.

(2) What does the kill throttle mean and how can it be avoided?

(2.1) Before taking off, the throttle of the plane is always off, so the operator needs to
watch the throttle percentage window when launching the plane. If the throttle
window shows red color instead of brown, this means kill throttle is still on.
Therefore, the operator needs to immediately tell the safety pilot to manually
take off the plane, change the flight plan block to Standby, and manually turn
the kill throttle off through Figure B.4.

<]

Flight Plan GPS ‘PFD Misc | Settings E_” ‘
- [ 2] ) A'.
flight time 0. @ao & ﬁ
launch 0, @0 01 & 4‘ i
kil throttle 0. @ 0 01 & ||
tele AP 0, @O0 Ol & ﬁ
—

Fig. B.4: Kill throttle switch.
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Appendix C

Formation Flight Software Setup

Airframe File

The following formation parameters (Figure C.1) need to be specified for each UAV
that will participate in the formation flight. Each UAV’s parameters can be different.

For software in the simulation setup, the user needs to add traffic_info.c, tcas.c, forma-
tion.c if the users want to activate these functions (Figure C.2(a)).

For actual flight, the user needs to add the section (Figure C.2(b)) in the airframe

configuration file to activate the formation and traffic collision avoidance functions.

Flight Plan File

The user needs to add the formation.h file in the flight plan file in order to run the
formation functions (Figure C.3).

It is necessary to initialize the formation, and the users needs to define how many UAVs
are in the configuration (Figure C.4(a)), define their ID, X (longitude), Y (latitude), and
Z (altitude) distances regarding the leader. The user also needs to specify the formation
mode, where 1 is relative and 0 is global, and it means follower will fly behind leader at 10
m if the X is set as 10 and mode is 1. Otherwise, there will be a change depending on the
heading of the leader when mode is set as 0.

When all the UAVs are ready for formation flight, user activates this block (Figure
C.4(a)), which is in the leader’s flight plan. The UAVs will start doing formation flight.
If the UAVs need to transform their formation schemes, they can use this block (Figure

C.4(b)) to convert.
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Whenever switching to a new block of formation flight plan, add the post_call and
pre_call functions (Figure C.5) to make sure the UAVs stay in the formation mode.
When formation flight is completed and trying to get the UAV out of the formation

mode, use the stop_formation function (Figure C.5).

Setting File

By adding the following blocks (Figure C.6) into the setting file, the GCS operator is
able to tune the formation control parameters in real time, the operator can also adjust
the range of these parameters, it must be remembered whenever that something here is

changed, the Paparazzi must be rebuilt for activation.

Control Panel File

In order to simulate multiple UAV formation flight, the user needs to construct as
many UAVs as needed. An example is building two UAVs and with UAV assigned different
names to enter into the current airframe configuration list (Figure C.7).

If the formation controller code adding new functions need to be modified, the user
needs to be familiar with Paparazzi software. Based upon all the procedures enumerated
above, a new user should be able to start the formation simulation study and even actual
flight tests. After all these steps have been performed, the user should see similar figures

as follows (Figure C.8) in the Paparazzi GCS.

<!--Formation flight portionl-->
<section name="FORMATION" prefix="FORM_">

<define name="CARROT" value="3." unit="s"/> <!-- carrot distance for followers -->
<define name="POS_PGAIN" value="0.02"/> <!-- coef on position error -->
<define name="SPEED_PGAIN" value="0.2"/> <!-- coef on speed eRrror -->
<define name="ALTITUDE_PGAIN" value="0.03"/> <!-- coef on altftude error -->
<define name="PROX" value="60." unit="m"/> <!-- proximity distance -->
<define name="MODE" value="1"/> <!-- mode O = global, 1 = local -->

Fig. C.1: Initial formation parameters.
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# Config for SITL simulation/////////////////////For formation

include $(PAPARAZZI_SRC) /conf/autopilot/sitl.makefile

sim.CFLAGS += -DCONFIG=\"tiny.h\" -DAGR CLIMB -DLOITER TRIM -DTRAFFIC_INFO -DALT_KALMAN -DTCAS -DFORMATION
sim.srcs += nav_survey_rectangle.c nav_line.c traffic_info.c tcas.c 0SAMNav.c formation.c

(a) Simulation formation setup.

# formation////////1111111111111117
ap.CFLAGS += -DFORMATION -DTRAFFIC_INFO -DTCAS
ap.srcs += traffic_info.c formation.c snav.c tcas.c

(b) Experimental formation setup.

Fig. C.2: Airframe file formation setup.

#include "nav_line.h"
#include "datalink.h"
#include "traffic_info.h"
#include "OSAMNav.h"
#include "formation.h"
#include "airframe.h"

Fig. C.3: Header files for formation flight plans.
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<block name="init formation">
<!--Edit by Dee for the real time tuning on formation shape-->

<call fun="add_slot(2, 0, 0, 0)"/>
<call fun="add_slot(188, form_s_e_1, form_s_n_1, form_s_a_1)"/>
<set value="1" var="form_mode" />
<set value="2" var="leader_id"/>
<set value="NAV_MODE_ROLL" var="nav_mode" />
</block>

(a) Formation flight initialization function.

<!--Edit by Dee for the real time tuning on formation shape-->

<block name="Change formation shape">
kcall fun="add_slot(2, 0, 0, 0)"/>
<call fun="add_slot(188, form s_e_1, form_s_n_1, form_s_a_1)"/>
<set value="1" var="form_mode" />
<set value="2" var="leader_id"/>
<set value="NAV_MODE_ROLL" var="nav_mode" />

</block>

T
<block name="Follow_formation">
<call fun="start_formation()"/>

<call fun="formation_flight()"/>
</block>

(b) Change formation scheme and start formation flight.

Fig. C.4: Formation initialization and reconfiguration.



141

<block name="start formation">
<call fun="start_formation()"/>
<deroute block="Formation Pw"/>
</block>

<block name="Formation Fw" post_call="formation_flight()" pre_call="formation_pre_call() ">
<go approaching_time="1" wp="W1"/>
<go approaching_time="1" from="W1" hmode="route" wp="W2"/>
<go approaching_time="1" from="W2" hmode="route" wp="W3"/>
<go approaching_time="1" from="W3" hmode="route" wp="w4"/>
<go approaching_time="1" from="W4" hmode="route" wp="WS"/>
<go approaching_time="1" from="WS" hmode="route" wp="W6"/>
<go approaching_time="1" from="W6" hmode="route" wp="W7"/>
<go approaching_time="1" from="W7" hmode="route" wp="W8"/>
<go approaching_time="1" from="W8" hmode="route" wp="W9"/>
<deroute block="Formation Fw"/>
</block>
<block name="Circle for search" post_call="formation_flight()" pre_call="formation_pre_call()">
<circle alt="1500" radius="75" wp="suvery entry"/>
</block>
<block name="Search area" post_call="formation_flight()" pre_call="formation_pre_call()">
<survey_rectangle grid="150" wpl="S1" wp2="S3"/>
</block>
<block name="stop formation">
<call fun="stop_formation()"/>
</block>

Fig. C.5: Formation flight plan blocks.

<dl_settings NAME="formation">

<dl_setting MAX="24" MIN="0" STEP="1" VAR="leader_id" module="formation"/>
<dl_setting MAX="100" MIN="-200" STEP="10" VAR="form s_e_1"/>

<dl_setting MAX="100" MIN="-100" STEP="10" VAR="form_s_n_1"/>

<dl_setting MAX="100" MIN="-50" STEP="10" VAR="form_s_a_1"/>

<dl_setting MAX="0.1" MIN="0.01" STEP="0.01" VAR="coef_form_pos" shortname="coef_form pos_error" module="formation"/>
<dl_setting MAX="1" MIN="0.1" STEP="0.1" VAR="coef_form_speed" shortname="coef_form_speed_error" module="formation"/>

<dl_setting MAX="0.5' MIN="0.01" STEP="0.02" VAR="coef_form alt" shortname="coef_form alt_error" module="formation"/>
<dl_setting MAX="100" MIN="40" STEP="10" VAR="form_prox" shortname="prox distance" module="formation"/>

</dl_settings>

Fig. C.6: Setting file for formation reconfiguration and tuning.



<session name="MultiUAV OSAM 3">
<program name="Simulator">
<arg flag="-a" constant="Phoenix" />
<arg flag="-boot"/>
<arg flag="-norc"/>
<arg flag="-noground" />
</program>
<program name="Simulator">
<arg flag="-a" constant="May"/>
<arg flag="-boot"/>
<arg flag="-norc"/>
<arg flag="-noground"/>
</program>
<program name="Simulator">

<arg flag="-a" constant="Dimon"/>
<arg flag="-boot"/>

<arg flag="-norc"/>

<arg flag="-noground" />

</program>

<program name="Server">
<arg flag="-n"/>
</program>
<program name="Messages" />
<program name="GCS">
<arg flag="-track_size" constant="10"/>
</program>
</session>

Fig. C.7: Simulation setup for three UAV formation flight.
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Fig. C.8: Simulation with three UAV formation flight.
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