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Once pilots get their multirotors operating well and start actually doing things 

with them other than tearing holes in the sky, one of the first hurdles faced is 

increasing the available flight time. Most pre-packaged, ready-to-fly multirotor 

models come with a battery pack that will only last from 8 to 10 minutes of normal flying. 

For many, this is long enough, but for others who wish to do aerial photography, survey 

work or other professional type applications, there is always a desire to extend the flight 

times. Getting flight times in the 20 to 30 minute range is achievable with many multirotors 

that are available today, but there is a bit more to it than simply strapping more batteries 

on the model. This month we will take a look at how to maximize the efficiency of the mul-

tirotor power system in order to get the longest possible flight times.

First and foremost, there are a few basics 
about flight that must be considered. Num-
ber one is the fact that “Lighter Always Flies 
Better”. This is especially true in multiro-
tors since the weight of the machine takes a 
certain amount of power to hold in the air. 
Heavier machines require more power and 
therefore will have shorter flight times than 
lighter machines.
 The second major thing to consider is the 
fact that larger props are more efficient than 
smaller props at converting rotational energy 
into thrust. This is because larger props can 
move larger volumes of air more efficiently.
 Thet third thing to consider is that slower 
turning props are more efficient at creat-
ing thrust than faster turning props. Props 

Maximizing Flight Time
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are essentially little wings going around and 
around, generating lift. Basic aerodynamic 
principles show that the drag on a wing 
increases exponentially as speed increases 
and this is the same with props. Props that 
are spinning faster have greater drag losses 
than slower spinning props, and this robs a 
model of flight time.
 Finally, the efficiency of the motors and 
speed controllers themselves will play a role 
in the overall efficiency of the power system 
and can have a big impact on the flight time 
of a multirotor. Now that each of the com-
ponents of the efficiency equation have been 
introduced, let’s take a closer look at each 
one and how it affects the overall flight time 
of multirotor aircraft.
 Weight is always a factor in considering 
flight times for electric powered models of 
any kind. Design engineers will always say, 
“Design an aircraft to fly, not to survive a 
crash”. There is always a trade-off between 
structural strength and weight when design-
ing aircraft. All aircraft must be built strong 
enough to survive any of the forces they 
will see in the air, but also be able to han-
dle a bit of “hanger rash” and the occasional 
not-so-perfect landing without falling apart. 
Modern carbon fiber composites, light-
weight aluminum alloys and molded plastic 
parts work together in many multirotor 
frames available today, providing an air-
frame that is not only strong but also light. 
The best starting point to maximize flight 
times is to use as light a frame as you can to 
get the job done.
 Another consideration in the weight part 
of the equations is the total weight of the 
power system. Careful attention must be 
paid when selecting motors to make sure 
they are matched to the power that is actu-
ally needed to do the job. If a machine needs 
motors capable of producing 200 watts each, 
and larger motors capable of producing 400 
watts are used, the total weight of the multi-
rotor will be higher than necessary and this 
will require more power to keep the craft 
flying. Always remember, lighter always 
flies better, and also longer!
 Next let’s take a look at how propellers 
factor into the flight time and efficiency of 
multirotor power systems. Larger props 

will always be more efficient than smaller 
props, because they move a larger column 
of air downwards as the props rotate. From 
seventh grade geometry class, we all know 
that the area of a circle is equal to Pi times 
the radius squared. For a 10-inch diam-
eter prop, the cross sectional area of the 
column of air moved down by the propel-
ler is equal to 3.14159 x 5 x 5 or 78.5 square 
inches. If you go to a 14-inch prop, then 
the area is equal to 3.14159 x 7 x 7 or 153.9 
square inches or roughly double that of the 
10-inch prop. With the larger 14-inch prop, 
you only have to move the air downward 
at half the speed to move the same volume 
of air compared to the 10-inch prop. Since 
less energy is required to accelerate the air, 
less current is pulled from the battery and 
flight time increases.
 Prop efficiency is commonly expressed 
in the number of grams of thrust created 
per watt of power consumed by the motor, 
such as 8.5 g/W. The higher this number 
is, the more efficient the prop is at convert-
ing the rotational energy of the motor into 
thrust. Figure 1 shows a chart of the efficien-
cies of several different size props running on 
the same motor. Each of these props is spin-
ning at an RPM that produces 500 grams 
of thrust. As can be seen from the data, the 
larger props turn at a lower speed to generate 
the thrust AND require less power to do so. 
When you take the grams of thrust created 
and divide that by the number of watts used 
by the motor, you get the efficiency factor of 
that prop at one specific thrust value. 
 From this data, you can quickly see how 
prop diameter affects flight time. If you had 

a quadcopter that weighed 2,000 grams (4.4 
pounds) you would need to make 500 grams 
of thrust from each motor to hold the craft 
in a stable hover. From the chart you can see 
that the 10-inch props have an efficiency of 
9.08 grams per watt while the 14-inch props 
have an efficiency of 11.55 grams per watt. 
This is an increase in efficiency of 27%, so 
all other things being equal, switching from 
10-inch props to 14-inch props would give 
you an increase in flight time of 27%. Of 
course, this is assuming that the motors are 
actually capable of running the larger props 
without exceeding the maximum current 
rating of the motor. In some cases, it is nec-
essary to use a lower Kv motor to have the 
torque needed to spin the larger prop with-
out exceeding the motor’s maximum current 
recommendations.
 If this data is taken one dimension fur-
ther, we can see how rotational speed affects 
the efficiency of propellers. Props act much 
like wings from an aerodynamic standpoint. 
The parasitic or skin friction drag of any 
wing increases as a function of the square of 
the speed. Because of this, if a prop is rotat-
ing at twice the speed, the drag is four times 
higher. Figure 2 shows a set of data collected 
with a brushless motor running on four 
Li-Po cells with an APC 12x4.5 Multirotor 
prop. This table shows the performance of 
the motor over its full range of operation at 
throttle settings from 20% up to 100% throt-
tle. From this chart, if a graph is created that 
plots prop efficiency versus throttle position 
the data set will look like the one shown in 
Figure 3. From this graph, if the machine is 
hovering at 50% throttle the efficiency of the 

Figure 1

Figure 2
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props is approximately 8.2 grams per watt. 
At 40% throttle this value increases to about 
9.3 grams per watt, and at 60% throttle it 
decreases to 7.2 grams per watt. If your mul-
tirotor is heavier, not only do you have to 
generate more lift to keep it flying, the props 
are also less efficient at producing thrust, 
so you get hit even harder on the current 
draw from the battery. On the other hand, if 
your machine is lighter, you need less power 
and the props are working more efficiently 
which contributes to longer flight times. 
 The final part of the equation is the actual 
power system itself. Higher quality motors that 
are made with better grades of materials will be 
inherently more efficient than cheaper motors 
using inferior components. If you have one 
motor that has an efficiency of 80% compared 
to another motor that has an efficiency of 90% 
there is a huge difference between the two. At 
first glance some will say that one motor is 10% 
more efficient that the other. The truth is that one 
motor is twice as efficient as the other!  If you 
look at the inefficiency of the motors, the 80% 
efficient motor is 20% inefficient and the 90% 
efficient motor has an inefficiency of only 10%. 
The inefficiency is what causes the losses in the 
motor. The motor that is 80% efficient has dou-
ble the losses of the motor that is 90% efficient, 
and will cost you flight time across the board.
 The other thing to consider in power sys-
tems is the voltage at which the motors are 
running. The electrical losses in a power sys-
tem are directly related to the current flowing 
through the system. From Ohm’s law we 
know that power is equal to voltage times cur-
rent. Voltage can also be expressed as current 
times resistance, so if we substitute this for 

voltage, power can also be expressed as cur-
rent times current times resistance, which is 
commonly called “I-Squared-R”. This is why 
electrical losses in a system go up as a function 
of the square of the increased current. 
 When we consider total power in a system, 
we normally figure Volts x Amps. In a 3-cell 
power system (11.1 volts) if we are pulling 
20 amps all together, the total power is 222 
watts. In a 6-cell power system (22.2 volts) we 
can get the same power from only 10 amps. 
If the wiring in a power system had a resist-
ance of 0.1 ohms, the total power losses in 
the 3-cell system would be 20 x 20 x 0.1 or 40 
watts. In the 6-cell system, the power losses 
would be 10 x 10 x 0.1 or only 10 watts. This 
is why higher voltage power systems are 
inherently more efficient. In this example 
switching the power system from 3-cells to 
6-cells cuts the electrical loses by 75%!
 Batteries are another important consid-

eration when calculating flight times on 
multirotors. In many cases, the batteries make 
up the highest percentage of the payload 
weight of the craft. Quite often, pilots make 
the mistake of thinking that adding a sec-
ond battery will double the flight time. This 
is incorrect for two reasons. First, when a sec-
ond battery is added, the overall weight of 
the aircraft increases, and this requires more 
power to hold the craft in a hover all the time. 
The other thing that people forget to consider 
is the fact that the props also operate less effi-
ciently at the higher loading, so the efficiency 
takes a double hit!  In most cases, adding a 
second battery will not double the flight time, 
but will instead give a 70% to 75% increase 
in flight time. Each additional battery has a 
smaller impact in the increase of flight time, 
and eventually a point is reached where add-
ing another battery will actually decrease the 
flight time due to the high weight and lack of 
efficiency in the power system.

 When all of these different aspects are 
combined, it is possible to double the flight 
time of a multirotor by simply optimiz-
ing every part of the power and propulsion 
system. Putting all of these different consid-
erations together, you will get the longest 
flight times from a multirotor if you start 
with the lightest airframe possible; use 
the largest props that will fit on the frame 
and power them with high quality, low Kv 
motors, using higher voltage battery packs. 
Hopefully this information will help to get 
the power system in your multirotor opti-
mized for the longest possible flight times 
and allow you to get the maximum benefit 
from your multirotor power system.
 That wraps up another installment of Mul-
tirotor Flight. If any of the readers have a 
topic that you would like to see covered in 
this column, be sure to send your request to 
lbmiller5@gmail.com. See you all next time.  b
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 Since there are no control surfaces on 
a typical multirotor, the only way you 
can maneuver the craft is by changing 
the speeds of the motors. This, in turn, 
changes the amount of thrust produced 
by the motors. This imbalance in thrust is 
what makes the craft deviate from a stable 
hover and move in various directions.
 In any multirotor craft, some form 
of flight control board is required to go 
between the radio receiver and the speed 
controllers for the motors. The job of 
the flight controller is two-fold: First, it 
interprets the command signals that come 
from the radio receiver in the form of 
pitch, roll, yaw and throttle and converts 
them into the variations of throttle 
command needed to control the craft. 
Second, when a stability mode is active, 
it acts as a gyro stabilization module to 
keep the craft upright and level when no 
control commands are given. Without a 
flight controller board, flying a multirotor 
aircraft is virtually impossible.
 To assist in the description of the 
various flight modes, a diagram of the 
top view of a Quad-X platform multirotor 
will be used. This is the most common 
configuration flying today, so it will be 
most applicable to the discussion of flight 
principles. Referring to Figure 1, this 
illustration shows the quad in a stable 

hover. The black arrow indicates the front 
of the craft and the direction of forward 
travel. The red arrows around each of the 
motors indicate the direction and speed at 
which the propellers are turning. In this 
illustration, all four red arrows are the 
same size, which indicates that all four 
motors are spinning at the same speed and 
the arrowheads indicate the direction that 
the props are turning. In this condition, 
each motor is producing an amount of 
thrust equal to one quarter of the weight 
of the airframe, and when the thrust of 
all four motors is combined it is equal to 
the weight of the craft which neutralizes 
the effect of gravity that is trying to pull 
the machine back to earth. With no other 
forces applied, the craft will stay in level 
flight at a consistent altitude.
 In order to make the quad move, one 
or more of the motors will need to speed 
up, while others may need to slow down, 
depending on the desired outcome. Figure 
2 shows what happens if you want the 

quad to move forward. The two back 
motors both speed up an equal amount, 
as indicated by the bolder red arrows and 
the two front motors slow down an equal 
amount, as indicated by the lighter red 
arrows. This imbalance in thrust causes the 
back end of the craft to lift up while the 

front end drops down. Once the correct 
angle is achieved the motors go back to a 
speed that is little faster than their original 
hovering speed and the craft moves 
forward. Since the craft is now tilting at 
a slight angle, some of the lift force is 
directed forward, which continues to pull 
the craft along in the forward direction. 
A small amount of the lifting force is lost, 
and that is why the motors need to spin a 
little faster to make up the difference. To 
go backwards, the opposite occurs. The 
front motors speed up and tip the craft 
backwards and then the four motors return 
to a constant speed as the craft comes back 
toward the pilot. To transition back to a 
stable hover, you have to give opposite 
control for a few seconds to stop the 
movement of the craft and then return the 
stick back to neutral to once again when 
the aircraft stops moving.
 To move the Quad right and left, the 
same process is used, except different 
motors speed up and slow down. In Figure 
3, the diagram shows what happens if 

you move the control stick to the right. 
The two left motors speed up, while the 
two right motors slow down. Once the 
craft tilts to the correct angle the motors’ 
speeds equalize and the machine starts 
moving to the right. To go left, the exact 
opposite occurs; the two right motors 
speed up while the two left motors slow 
down and the machine tilts to the left and 
starts moving left. As before, to return to 
a stable hover, opposite control is given 
momentarily to stop the movement and 

The Physics of Multirotor Flight

  When someone sees a multirotor aircraft for the first time, they are usually amazed  
  at how they fly. One question constantly asked about multirotors is, “How do these  
  things fly without any control surfaces?”  That is a good question; let’s take a closer 
look at  the physics of how multirotors fly.

MULTIROTOR TECH Words, photos & Illustrations  by Lucien Miller
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then the control stick is returned 
to the neutral position. When the 
craft is in a level hover and you 
have a flight controller that includes 
accelerometers, the board can actually 
sense the force of gravity and know 
which way “down” is. By aligning 
itself with respect to the force of 
gravity, the flight controller board can 
self-level the frame and hold it there, 
even if it is disturbed by an outside 
force, such as a wind gust.
 The next control movement often 
confuses those who are new to 
multirotors. How exactly does a quad 
yaw or rotate left and right? In a quad, 
as seen in the previous figures, two 
of the motors are spinning clockwise 
while the opposite two motors are 
spinning counter-clockwise. In 
this condition the natural torque 
tendencies of one pair of motors is 
cancelled out by the torque of the 
opposite pair and the quad does not 

rotate. Looking at Figure 4, to make 
the quad rotate to the right the two 
counter-clockwise rotating motors 
are sped up, while the two clockwise 
rotating motors are slowed down by 
the same amount. This keeps the total 
lift generated the same, because the 
amount of thrust gained by the faster 
turning motors is the same as the 
amount of thrust lost by the slower 
turning motors. However, the torque 
moment generated by the counter-
clockwise motor increases while 
the torque moment of the clockwise 
motors decreases. This results is a 
net torque increase that causes the 
entire quad frame to rotate clockwise. 
Conversely, to yaw to the left, the two 
clockwise rotating motors are sped 

up while the two counter-clockwise 
motors are slowed down and the net 
torque difference rotates the quad 
frame to the left.
 The last flight direction that needs 
to be covered is changes in altitude. 
Figure 5 shows that in order to climb, 

all four motors speed up by an 
equal amount, and the net increase 
in thrust causes the quad to climb 
up. To descend in a quad, the 
opposite happens. All four motors 
are slowed down by the same 
amount and the net loss of thrust 
causes the craft to come back down 
under the pull of gravity. 
 All of the maneuvers discussed 
thus far are basically transitions 
in and out of stable hover flight. If 
the flight controller board in your 
multirotor has an acrobatic mode, 
without self leveling capability, 
then you can also do maneuvers 
such as loops or rolls by moving 

the control stick far enough and 
continuing to hold it there.  In a 
loop, the extra lift of the front motors 
will continue to pull the front of the 
craft up and over the top and then 
back around into level flight. Before 
attempting a loop in a quad, make 
sure that you have sufficient altitude! 
Multirotor aircraft typically 
use fixed pitch props, so 
when you get upside down, 
the machine will really start 
falling fast! In a quad, quick 
loops can be done by performing a 
climb up, followed by a flip over at 
the top. You can also loop a quad 
from forward flight and get a nice 
round loop, as long as you are going 
forward fast enough so the centrifugal 

force pulling the craft to the outside 
of the loop is greater than the force of 
gravity.
 Flip rolls can be done from level 
hovering flight, as long as you do 
them quick and are high enough 
off the ground. Rolling a quad from 

forward flight is much like rolling 
a trainer aircraft with a flat-bottom 
airfoil. You need to pull up a bit 
to establish a slight upward angle 
before you start the roll. The 
altitude you lose during the roll 
will get you back into level flight 
as you exit, or slightly nose down, 
which you can correct for with a 
bit of back stick.
 That pretty much covers the 
basics of how a multirotor craft 
flies without any control surfaces 
and hopefully, explains some of 
the physics involved with these 
fascinating models. Once you 
understand the physics behind 

them, the operation of a multirotor 
is much less mysterious. Next 
time different types of multirotor 
configurations will be presented and 
the pros and cons of each type will be 
discussed. b
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Brushless gimbals are the 

heart of many aerial cam-

era operators’ strategy for 

getting perfectly stable footage from 

a multirotor. Gimbals can range 

from custom ones for an action cam 

that you make yourself, like from a 

3D printer using open source con-

troller boards, to cinema-grade 

professional rigs like the Freefly 

MoVi or DJI Ronin. No matter which 

type of gimbal you operate, I want to 

go over some tips, tricks and things 

that you should not do with your 

gimbal. Many of these tips apply to 

aerial as well as handheld gimbals.

Gimbals 101

TIP You need to have several bat-
tery checkers on hand. Go to your 

favorite local hobby store or website and 
pick up a bunch of these guys. If you think 
you need two, then get four. They are very 
inexpensive (less than $10) and you will 
notice that they can grow legs and hide 
when you need them most. If you own a 
DJI Ronin then you don’t need to worry 
about getting these because your battery has 
a built-in battery indicator, but if you are 
using any other gimbal powered by LiPo 
batteries, you’ll want these in your pocket, 
in a “run” bag, and in your gimbal case. 
Some of these have percentages, which are 
nice but if yours doesn’t, make sure that you 
know about your battery’s voltages (what’s 
full, what’s low, etc.).

TRICK This trick pertains to larger 
gimbals such as the MoVi or 

Ronin and it is something that I do every 
time I attach the gimbal baseplate onto a 
camera with one mounting screw, such as 
a DSLR. Instead of lining up the baseplate 
exactly perpendicular with the lens, which 
is where I want the base plate to end up, I’ll 
tighten the screw with my screwdriver or 
Allen key and leave it so it is roughly 20-30 
degrees offset counterclockwise, looking at 
the camera upside down. I’ll then manually 
hand-tighten the baseplate by rotating it to a 
position exactly perpendicular with the lens. 
I find by using this method that I have more 
control in getting the plate “square”. When 
using a screwdriver to tighten the screws, 
most times the baseplate gets over-rotated 
from the rotation of the screw and when you 
try to tweak it back, the plate will loosen. Of 
course if your rig uses two screws you will 
not have this problem.

WARNING: Never put pressure against your 
gimbal motors when they are on. Yes, I know 
that operating a gimbal handheld gets tir-
ing quickly but when you finish a take you 
need to make sure the motors are hanging 
and are free from pressure. I’ve encountered 
too many operators who let the gimbal hang 
down and against their bodies, creating pres-
sure on the motors. When this happens, the 
motors are working harder than they were 
intended to and the result is premature wear, 
which can cause them to burn out. If you’ve 
custom-built your own gimbal or built from a 
kit, replacing a motor may not be a big deal, 
but if you have to send in a MoVi or Ronin 
for repair, it may come with a hefty price tag, 
not to mention that it can be gone for a long 
time for repairs, leaving you unable to make 
money. So make sure you have a helper 
with your stand nearby so that you can dock 
your rig after “cut” gets yelled. This leads 
me to my next tip…

MULTIROTOR TECH by John Kopec
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TIP Take a small elastic band and pop it 
on your LiPo and the next time you 

fully charge your battery, gently stick the 
cable with the positive and negative charge 
leads under the elastic band. This way, when 
you are reaching for a fresh battery pack you 
can be certain you are grabbing one that’s 
fully charged. Of course I’d double check 
the voltage with the battery checker that’s in 
your pocket like we talked about earlier, but 
it can save some precious time on set.

TRICK Another fun and easy way 
to help identify batteries is 

to label each of them one of your favorite 
directors. (I’ve also adapted this technique 
with my hard drives.) For example, the last 
MoVi shoot I did, I started out with my 
WES ANDERSON battery, switched over 
to GUY RITCHIE and finished off the day 
with STANLEY KUBRICK. It works out 
great when you ask someone to run a bat-
tery over to you. The day before when I 
asked the camera assistant to grab me MAR-
TIN SCORSESE, he knew exactly which one 
to get. God forbid I get stuck with WOODY 
ALLEN on a half charge again…

WARNING: Never balance and operate 
your gimbal with cables akimbo. Prac-
tice good cable etiquette by getting rid of 
extra slack and strapping them down. You 
may not realize it, but even loose cables 
can affect and throw off a gimbal’s balance. 
Coming from a Steadicam background, 
I’ve had good practice and learned some 

tricks for cleaning up my cables and keep-
ing them in place. I’ve also seen some 
messy setups that not only look bad, but 
have resulted in cable damage by them get-

ting caught and ripping out. So let’s make 
a vow together that we will practice safe 
operation and always wrap our cables up.
 One way we can eliminate slack is to 
simply take our cable and wrap it around 
the camera body once or twice. If the size 
of the camera doesn’t accommodate for 
this, or the cable may be getting in the way 
of some accessories, try coiling the excess 
cable and wrapping one end through the 
cable, then to its respective accessory. Once 
you’ve successfully “shortened” the cable, 
take a zip tie and secure the coiled cable 
to somewhere secure on the camera body. 
Here are two photos; one with “poor” eti-
quette and one with “good” etiquette.
 Proper care and consideration of your 
gimbal will result in longer life and more 
stress-free shoots, at least as far as your gear 
is concerned. Have fun flying your cameras 
and remember: If the problem can’t be fixed 
with a hammer, it’s an electrical problem.  b

TIP If you are like me, you enjoy balanc-
ing your gimbal at about chest level. 

However, certain gimbals only provide stands 
that are just a couple feet off the ground, mak-
ing it a chore and quite literally back-breaking 
to balance. Freefly and DJI now offer high qual-
ity stands that can be mounted directly onto a 
light/C-stand, but they come with a large price 
tag. If you don’t have the money to shell out, 
then take a trip over to your local Home Depot 
store and pick up a “Flip Up Storage Hanger” 
for around six bucks. You can then take your 
knuckle from your C-stand, sandwich the 
hanger in between the two plates and stick 
it right on your C-stand or light stand. It is a 
super easy, super convenient, and super cheap 
solution provided you already have a C-stand.

TECH  I GIMBALS 101
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PREPARE THE CAMERA 

BEFORE YOU TAKE OFF

The Hero4 is an impressive camera and just 
by hitting record you can get some spectacular 

results.  If you want to 
take your footage to 
the next level, however, 
there are some basic 

setup tips specific for 
tuning in an advanced 
video editing platform 
and the rundown below 
will give you the critical 
advice you need.
 First off, make sure you 
have a high-speed card 
in your camera capable 
of recording at high 
MBS, then scroll into the 
camera video setting and 
dive in.

Take your GoPro 
footage to Hollywood

Words & photos by Mike Steidley

Getting the most from your GoPro 
Hero4 and Final Cut Pro 

In this 
article, 
we are 

going to look at one 
of the most popular 
cameras, the GoPro 
Hero4 Black, and 
how to get the most 
out of this powerful 
little device.  We 
are always getting 
questions about 
setup, processing 
clips, and post 
production to bring out the best of the footage so we wanted to give you 
some basic tips and insight into this camera as well as how to use Final Cut 
Pro to give your video a professional look. We will also look at a lens swap 
to remove barrel distortion from your camera as well as some of our most 
used plugins.  The second part of this series will cover color grading and 
adjusting aerial footage to match different styles and the fundamentals of 
getting the colors to come to life out of your GoPro.

Blacks look sharp thanks to an ISO 400 lock.

A correctly exposed Luma graph.

A Nice flat horizon line thanks to Peau Productions lens swap
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4K, 2.7K OR 1080P? AND WHAT 

FRAME RATE?

We always opt for the highest resolution 
possible and will shoot 4k or 2.7k even 
when exporting and working with a 
1080p project. Frame rate will depend 
on whehter you plan to slow the video 
down or not.  Since this will take some 
practice it’s best to play around with the 
slow motion options and see what works 
for what you are shooting. When it comes 
to field of view remember that going for 
medium or narrow will greatly reduce 
the chances of getting your propellers in 
your shots.  Additionally, medium FOV 
is best as it utilizes more of the camera 
sensor over narrow. Our preferred 
camera setting is 2.7k and 60FPS with 
medium field of view when shooting on 
a stock Hero4 black and 4k/30FPS when 
using an aftermarket lens.

PROTUNE

This is a setting that you should always turn 
on because it records more information and 
allows adjustment of the advanced settings 
via GoPro’s editing software suite, which is 
a free download from www.gopro.com.  

FLAT VS GOPRO COLOR

When first learning to adjust your footage’s 
color grading in post production you 
might want to start with GoPro Color and 
manipulate the colors to change the look.  
As your skills in postproduction evolve 
you can move to the flat color profile for a 
full color grade. If we don’t need to alter 
the look much from true life we pick this 
option. For clients who will do full color 
grades independently we use the flat profile. 
The flat profile gives maximum latitude and 

flexibility in postproduction. Remember, on 
shoots where there is great ambient light 
and color, selecting GoPro Color will give 
you consistent results that look beautiful 
without much work in post production. 

WHITE BALANCE

Use ‘auto’ to begin with as the camera 
does a great job of getting the color balance 
correct for you. Again, as you get more 
advanced you can select a different Kelvin 
to match the setting or even manipulate the 
color cast and look in the camera.

ISO

Don’t miss this part!  Always use ISO 400.  
Technically this will limit the ISO to 400 
but in every GoPro training session we 
have attended, all of the GoPro reps have 
stressed locking at 400. When the ISO is 
higher you get footage that is not as crisp.  

Even at sunset we still run ISO 400 and will 
bring the darker footage up in post. When it 
comes to sunset make sure to use the lowest 
frame rate you can for your intended needs, 
which normally will be either 24 or 30FPS 
for low light filming.

SHARPNESS

Set the sharpness a bit lower as you can 
easily add it in post but can’t go the opposite 
way. Using medium will normally put it 
on point with a DSLR so you can match it 
up easily to any ground footage. Low will 
give you complete control or if you are 
supplying footage to a client you want to set 
it here. About 75-percent of the time we run 
medium sharpness as our baseline. To add 
sharpness back into your footage in Final 
Cut, click on the effects browser and select 
the drag and drop sharpness filter.  From 
there, increase the slider in the inspector 
window to add in the desired level of 
sharpness.

LOW LIGHT SETTINGS

If you are shooting in low light, do not use 
the low light function if you are looking for 
professional results. This setting will add 
false frames to your footage and is more of a 
‘dummy mode’ built into the camera. Select 
a low frame rate that suits your project’s 
needs; 24FPS or 30FPS will allow more light 
to hit the sensor and yield better results. 
 
REMOVING BARREL DISTORTION 

AND UPGRADING YOUR LENS

To get the absolute best image out of 
your GoPro from the sky you might 
consider swapping out the lens for a high 
performance aftermarket lens. There are 
several manufacturers offering them, but 

Sometimes just a few tweaks opens the dynamic 
range of the colors.

Branford River Sunset.
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our favorite is from Peau Productions.  
They are one of the only companies where 
you can mail your camera in and they will 
replace the lens and mail it back to you with 
your camera tested and fully functional.  
When you get the camera back you have a 
lens that has a dead flat horizon line without 
any barrel distortion. This means if you are 
shooting video for a client you can provide 
them with clips that will not need a plugin 
to adjust or remove the fisheye or barrel on 
the horizon. They also refocus the camera 
at true infinity giving you super crisp video 
footage and allowing you to shoot 4k video 
using the entire sensor. When swapping out 
with their aerial package you get something 

that will rival the DJI Inspire 4k footage 
and have results that you can push further 

with color grading based on the additional 
information that the GoPro collects while 

shooting. Peau Productions lens swaps 
are highly recommended for anyone 
looking to take their footage to the 
next level while staying on the GoPro 
platform.  Have a look at the pictures 
in this article to see some examples.
 
THE BASICS OF PREPPING 

YOUR FOOTAGE IN FINAL 

CUT PRO X

In part one, we are going to look 
at some basic color correction, 
adjustments, and effects you can 
add to your clips to make them look 
stunning. In part two, in the next issue, 
we will dive deeper into a full color 
grade but the below tips will get you 
started.

MULTIROTOR TECH  I TAKE YOUR GOPRO FOOTAGE TO HOLLYWOOD

Adding a very subtle vignette.

Add a letterbox.
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ADJUSTING YOUR EXPOSURE

Start with the luma graph and the dynamic range. What’s that you 
say? Ok, hit command +7 and this will open up the luma graph.  
At first glance this will seem like a funny looking chart but as time 
goes on you will read this like a pro. The human eye can see from 
pure black all the way up the spectrum to pure white. Your GoPro 
however will only be able to take a snapshot. To fix this, grab the 
shadows puck in the exposures tab and bump it down slightly to 
start. You want to get the graph to have the lower reading to just 
approaching the bottom. See the photo for example of an image with 
a correctly adjusted dynamic range. All situations vary but typically 
most GoPro footage will need the shadows dropped down. You may 
need to also boost the highlights a touch to compensate. Play around 
and you will be amazed by the results. The majority of the time just 
dropping down, -2 to -6, the shadows will drastically improve a 
GoPro clip.
 

ADJUST THE 

SATURATION HIGHLIGHTS

Just like we adjusted the exposure, 
we will look at modifying the 
saturation.  Most people amp up 
the saturation and it makes the 
image look over colored. Instead 
play around with bumping up the 
highlights some.  Add about +10 to 
the highlights and see where that 
goes.
 
ADD A CINEMATIC 

MATTEBOX

Try giving your footage a cinema 
mattebox to change the size of the 
image. This panoramic type layout 
sometimes will help focus the eye 
to the center and gives your video 
the same size as clips seen in major 
movies. To apply simply drag and 
drop, then play with the drop down 
to view the various aspect ratios.

VIGNETTE

Add a very subtle vignette to help 
tell the story. This filter can be 
particularly useful for aerial because 
it helps draw focus to the center of 
the screen.  Since you can’t control 
the focus and isolate a subject like in 
regular ground filming you might try 
to have the viewers attention drawn 
naturally to the middle of the screen 
by adding a slight darkening effect 
and blur around the edges. When 
you apply the filter in Final Cut it 
is typically too strong and you may 
need to play with the size and adjust 
the slider entitled darken down 
significantly to damper the effect. 

This is a less is more situation and in time you will be able to tell 
what the clip needs and what the story calls for.  

THE FINAL WORD

These basic tips will get you started and on your way to polishing 
up and perfecting your video footage. As always, fly safe and have 
fun out there. b

CONTACTS
AERIAL MEDIA PROS aerialmediapros.com

MIKE STEIDLEY mikested.com

PEAU PRODUCTIONS peauproductions.com

VISION AERIAL MEDIA visionaerialmedia.com  

ABOVE: Color grading an event highlight clip.  BELOW: Grading the Cabo arch.

MULTIROTOR TECH  I TAKE YOUR GOPRO FOOTAGE TO HOLLYWOOD
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 Its no secret 
that multiro-
tors, cameras 

and smooth 
video can be very profit-
able. As the FAA gets 
things in order, we think 
it’s a good time to pre-
pare you for what you 
should consider as trav-
eling becomes part of the 
job description. Whether 
you are traveling across 
the world or just packing 
to drive across town, I 
hope I can save you some 
time and frustration by 
passing along 
some tidbits 
from my trav-
els near and 
far.

AIR FRAME

The copter 
frame needs to 
be easy to 
transport and 
quick to setup. 
While most 
GoPro 
machines are 
small and easy 
to move, air-
frames for larg-
er cameras can 
be very diffi-
cult to fit in a 
car and impossible to get on a plane. While non-folding frames are 
inherently stronger, the newer designs have come a long way in 
their ability to eliminate flex and vibrations. Gaui and DJI both 
make excellent folding frames.

CASES

GoProfessional cases should be your first stop. Designed specifical-
ly for what we do, the right case not only protects your gear during 
transport, it also helps you make sure everything stays organized 
and makes it to the destination. The GoProfessional case for the 
S900 holds two transmitters, all our battery packs for the copter and 
FPV gear, tools, the gimbal and the camera. The only thing we can’t 
fit in there are the chargers and spare parts. One rolling case and 
you’re 90 percent covered for traveling near or far. A case also makes 
you look much more professional in the eyes of a client. Pulling up 
with gear rolling around in the back of your car is not only danger-
ous, but a great way to damage your stuff. If you have to get on an 
airplane, consider that a case is your only option for transporting 

your rig. If the case gets over 50 
pounds you can expect to pay 
extra for transporting it. 
TOOLS

I personally think you should 
have a small set of tools that is 
dedicated to the copter and kept 
in the case. Most of us work on 
our machines the day before a gig 
at home. It’s a nightmare when 
you realize you’ve left a 2mm 
Allen wrench on the bench and 
need it in the field. A separate set 
will keep you calm and in the air. 
Besides a set of Allen wrenches 

like those from MIP, I like to be prepared for 
any repair I may have to make. Consider a 
butane soldering iron, 60/40 solder and wire 
strippers. A multitool like a Leatherman will 
cover you for screw drivers, a knife, pliers 
and wire cutters. Finally, make sure to have 
some wire, shrink wrap, common connectors 
you use, double sided tape, Loctite, and a 
roll of gaff tape. 

BACKUP PARTS

This is a perfect example of something that 
will be determined by budget, the distance you are traveling and 
the scale of the job. Flying for fun is a lot different than a paying 
gig. While a crash or broken part is a bummer when you’re out with 
your friends, it’s not a deal breaker. Having something go wrong on 
a job paying you hundreds or thousands of dollars could mean the 
difference between getting paid or walking away empty handed, 
sporting a tarnished reputation and potentially one seriously ticked 
off client. For jobs of high caliber a complete duplicate machine is in 
order. Most crashes end up with one or more arms broken which 
take time to fix but the brunt of the damage usually is to the camera 
and gimbal. If this isn’t financially feasible, consider a less expen-
sive backup copter. At least you can grab it and still get some foot-
age. Maybe your main machine is a mirrorless camera but the back-
up copter is a Gopro. Those with budgets tighter than this should 
consider the most common parts to suffer from chronic issues. 
These include FPV transmitters and recievers, extra antennas, 
props, a variety of screws, landing skids, legs, props, etc. If your 
machine has retractable landing gear, I highly recommend a spare. 

THEDRONESMAG.COM  
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Motors and ESCs are pretty reliable and fall farther down the list 
but if you can afford one of each, that’s a good insurance policy. 

BATTERIES, CHARGING AND POWER…

The best charger I’ve ever used is the Revolectrix Powerlab 8 Duo. 
You can charge like 12 batteries at once and if one side ever failed, 
you would still have a charger as a backup. Nothing charges faster 
or is safer. That being said, have at least three battery packs for the 
copter, two for the radio, at least two for the FPV monitors, and 
some alkalines just in case. The power supply for the charger 
should be good quality, but whatever you do, don’t charge from 
your car battery when the vehicle is running.
 I recommend a Honda EU2000 pure sine wave inverter genera-
tor. We can’t live without it and they are very quiet. For those 
traveling abroad, make sure to have adapters to allow you to plug 
things in. For those traveling on airlines with LiPo packs, check 
with your airline for their exact restrictions. Most allow two LiPo 
packs per carry on. No airline allows LiPo packs to be transported 
in checked luggage. Most airlines only allow packs up to 160 Ah 
in capacity. To determine the Ah rating of your LiPo, multiply the 

voltage x the capacity and divide by 1000. For example, a 22.5V 6s 
LiPo that’s 5000mAh is 22.5 x 5000 = 112,500/1000 = 112.5 Ah. In 
my experience, most LiPo packs look like a TSA agent’s bomb 
nightmare so expect to get questioned. Few are aware of the 
capacity restrictions but informing them of their own policy has 
helped me when they weren’t sure about what to do.

IMAGE AND VIDEO

Rarely do I travel anywhere without my laptop. On location I’ve 
had to check flight controller parameters, reprogram components, 
look up stuff online or find a place to sleep. While you can do a lot 
of that on an iPhone, you should be copying your footage or imag-
es to a computer to review before leaving the location. Once 
you’re gone it’s too late. There is nothing worse than finding out 
the video is out of focus or something else isn’t right. A laptop 
also lets the client review the footage. On paying jobs, backup the 
footage to an external hard drive and never, ever format a memo-
ry card on a shoot unless you are 100 percent sure the data has 
been copied. Usually the only footage I’ve lost are files I was sure 
were backed up that weren’t, and I formatted the memory card.

HAVE A CHECKLIST

The day before you should have everything flight ready. Before 
leaving, go through a written checklist and make sure you have 
everything you need to fly. Don’t do a mental checklist and expect 
to remember everything at 3:00 am when you’re packing. One of 
the best ways to ensure you have everything is to do a test flight 
the day before. Not only will it help you not forget anything, it’s 
also a great way to ensure the rig is performing well. Seeing your 
copter in the air goes a long way towards helping you sleep that 
night.
 While this list can certainly be expanded on, it’s a great guide-
line for getting off to a good start. I hope it helps you to avoid mis-
takes and frustration when you go out to fly. Good luck and have 
fun!  

thedronesmag.com



DO YOUR HOMEWORK

The first thing before you even set out on your trip would be to log 
some time on the Internet doing some research. It’s easy to think 
about the interesting shots you can get on vacation and how exciting 
it would be to have your copter with you, but you need to do some 
investigating before you set off. To begin, be aware of the flying rules at 
your destination of choice. Many countries are still putting drone policy 
into place, but it’s best to brush up on the latest before deciding to bring 
your copter along. Make sure you look at the area and airspace you 
plan to fly. As always, respect private property and designated no-fly 

zones. One other thing to be mindful of is checking with your hotel to 
see what type of wall outlets and power sources they have. You’re going 
to need to charge the batteries at some point and having a few world 
adapters or the right connection cables with you is essential.
  The next step is taking a look at your airline’s baggage policy. It’s 
worth mentioning that if you are going on a trip where you have 
multiple bags, you should estimate that into your costs as every 
airline has different rates for luggage. Many even offer a discount for 
media equipment and all you need to supply is a business card or 
letterhead to receive it. A frequent flyer status or an airline credit card 

This winter has been a hectic adventure. The year started with three international filming trips scheduled 
back to back which made for hours of traveling and being on the road. Our gear has been lugged in and 
out of airports, loaded onto both boats and ATV’s, dragged through the sand and into the jungle, then 

reorganized and packed up for the next destination. After experiencing this I thought it would be an excellent 
opportunity to share some travel tips and insight into what it takes to journey to 
some of the more exotic places and film. We will delve into international travel and 
offer tips to assist you whether your destination is a remote set location or you’re 
just taking a trip and want to capture those memories. If you are thinking of taking 
your copter on your next flight these tips will apply even if you are not planning on 
stamping your passport.

Words & photos by Mike Steidley  

International travel 
 with your multirotor 
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will also help with free bags or leniency if your case is a few pounds 
overweight. We picked up brand new DJI Ronin from Aerial Media Pros 
and our recent flight to Mexico was its maiden airline trip. I packed an 
audio recorder and some other minor pieces of equipment into the extra 
spaces and when I arrived at the airport the case was at 53.5 pounds. My 
frequent flier status came in handy and saved $250 from the added 3.5 
pounds at check-in so it pays to look into this ahead of time.
 
HEADING OUT THE DOOR

I prefer to make a packing list to ensure that I don’t forget anything. I 
encourage finding a system that works for you if you have an excess 

of gear and don’t always need to bring everything along. If you have 
a checklist you can systematically select what to pack and bring. 
Additionally, consult your maintenance log and make sure everything 
is up to par and you have a wide array of small parts and tools to bring 
for the trip. Nothing ruins travel like needing something that’s sitting at 
home or having to go hunt down a power adapter or overnight a part. 
Also, make sure you have plenty of LiPo safe bags to put your batteries 
in. Most airlines will not let you check LiPos, and even so, it’s a good 
idea that these items are carried onto the plane to guarantee safety. 
When we travel with larger 6S batteries we also take plastic wrap and 
place some on the connections to ensure no moister can work its way in. 
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Most manufacturers offer small carry-on sized cases for smaller copters 
and this is sometimes the easiest option. If you keep some small tools, 
especially anything sharp, in your kit, remove them or place them in 
your checked luggage as TSA will not let you carry them onto the plane. 
Print out your boarding pass and you are in business!
 
NOW BOARDING FOR MEXICO

Our first stop brought us to Mexico. We were shooting the famous Arch 
at Cabo San Lucas as well as getting some footage of the surrounding 
landscape. Drones are well accepted in Mexico and everyone we 
encountered was really excited to see what we were working on. After 
a quick boat ride out to the arch and a few launches off the bow with 
the copter, we switched gears and headed to the beach. Maneuvering 
from the boat to the sand proved tricky and we had to be extra aware 
of salt water around the gear. Once on the beach we proceeded to use 
our AMP Ronin and ground cameras to get some action shots at Land’s 
End. Sand, wind, water, you name it. All the elements were in full effect 
and we pushed our gear really hard on this shoot. After a long day you 
definitely want to inspect your equipment and make sure no sand or 
dirt has infiltrated your motors or flight system. Always double-check 
that you have correctly backed up your footage and recharge all your 
batteries too. 
  The scenery there was 
magnificent and after the 
work was wrapped up 
we couldn’t resist flying 
a few packs at sunset on 
our small copter as it was 
just too breathtaking to 
pass up. We touched base 
with the hotel manager 
to establish if it was OK 
to use the drones on the 
property. If you are on 
vacation and want to grab a shot of the hotel or surrounding locations 
it’s best to check and let them know what you plan on doing out of 
common courtesy. 
 
JET SET TO SAINT CROIX

Next up on our adventure was the U.S. Virgin Island of Saint Croix. This 
trip was much anticipated for us because we were not working a shot list 
that was as involved as the one in Mexico. Our task of capturing footage 
of the entire island left us the ability to explore and see where the day 
would take us. Once we landed and got settled we immediately hit the 
ground running and flew a few packs around the hotel to check out the 
copters and make sure the rigors of travel hadn’t damaged anything. 
When flying in a new location it’s best to recalibrate your system 
compass and make sure everything is working properly. Sometimes 
an advanced IMU calibration is required for extensive traveling and 

always run 
through your 
system after 
performing 
this to 
make sure 
everything is 
functioning as 
it should. Check the failsafe, home lock and all other system operations. 
This ensures confidence before going on longer or more complex flights 
that could put your copter at risk. We immediately noticed a difference 
in the handling due to the very humid and warm temperatures of St. 
Croix that made the air very dense. If after a few practice flights your 
copter is still unsteady it might be best to dial in your gains and make a 
switch to get your bird back to its regular handling characteristics. 
  There were tons of hiking trails and famous landmarks to discover 
around the island and every day we were on the lookout for new eye-
catching shots to frame up. Our travels took us out into the rain forest 
on the West End of the island near Creque dam. It was phenomenal to 
view the land from such a vast perspective. We also spent time filming 
the East Coast beaches, capturing vistas over the wildlife refuge at Jacks 
and Isaacs Bay. We wanted to capture a historic element of the island by 
filming the old sugar mills and plantations that cover St. Croix as well. 
They are littered all over the area in various states of decay. The focus 
was on a few dilapidated mills and several in recognizable condition 
creating a patchwork of the island’s terrain. When we went out scouting 
we used a backpack that held the small copter to be able to quickly 
cover ground. This was the first time we used a dedicated backpack 
and I must say it comes highly recommend to anyone who is traveling 
with a copter. The backpack allows you to pack up your multirotor and 
accessories as well as some basic personal items and venture off into 
the woods. Some packs, like the Aerial Media Pros Tactical backpack, 
contain a hydration compartment which is ideal if you’re headed to a 
remote location where you will be exploring or hiking all day. DJI and 
some other manufacturers also offer packs that you can configure to 
your liking and make for great travel companions for your copter.

THE LAST WORD

Traveling with your multirotor 
can be incredibly rewarding 
whether for work or simply to 
document your adventures. As 
long as certain precautions are in 
place at the airport and out in the 
field, you’ll be able to obtain the 
perfect shot with great success. 
As always, a little preparation 
goes a long way and makes it 
possible for you to fly safely and 
efficiently. Be aware of rules and regulations and enjoy wherever your 
travels take you.  b
CONTACTS
AERIAL MEDIA PROS aerialmediapros.com
DJI aerialmediapros.com
MIKE STEIDLEY mikested.com
VISION AERIAL MEDIA visionaerialmedia.com
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Taking the controls of a multirotor can be one 
of the most enjoyable and rewarding experi-

ences available in RC. Unfortunately, new pilots can 
get overwhelmed while trying to fly, control a camera 
and monitor their surroundings. Most crashes can be 
avoided and anything that helps avoid a crash, pro-
tects your investment and keeps you having fun is 
well worth looking into.

 As a new pilot, it’s very easy to experience a bit of 
sensory overload. Managing to control your model 
can be enough for most, but when you add a cam-
era, FPV monitor, an OSD (on screen display) and 
Ground Station waypoint capability, it can leave a pilot 
distracted and overwhelmed. It’s those few critical sec-
onds that can make the difference between a successful 
flight and a really bad day. Another reason to con-
sider telemetry is that you’ll never leave home without 
it. Many times I’ve flown for fun without a camera 
installed to make getting in the air easier. Not having 
to lug FPV gear, batteries, monitors, etc., can lighten 
the load. It also breaks your link to these secondary 
sources of information. As a new pilot, I also remem-
ber staring at the FPV monitor while I tried to decipher 
the gamut of information before me.  

LED WARNING

Recently, DJI modified the firmware and eliminated 
the yellow 1st level warning that your battery voltage 
was getting low.  If you fly with a LightBridge, that  
1st level warning is eliminated. What if you are just  
too high or far away to see it?
 Nearly all manufacturers offer radios with 
Telemetry or the ability to add it. Today I will be 
discussing the Futaba 14SG. This radio has become 
the standard for multirotors in the professional 
realm and has industry-leading telemetry capabili-
ties. Most Futaba sensors are designed to plug into 
the S.Bus port on the receiver. To use more than one 
sensor, a parallel adapter is required.
 The included 7008SB receiver has an external volt-
age port. By connecting power directly to this port 
with the optional cable (Futaba-CA-RVIN-700), the 
receiver will now send this info directly to your trans-
mitter. You can set the voltage you would like the 
warning to be triggered at and when it’s time to land, 
the 14SG will vibrate in your hands. 

BACKUP BACKUP BACKUP

Yet another reason to consider adding at least battery 
level telemetry is for backup. In the event you go out of 
FPV range with your machine, you can feel safe know-

THEDRONESMAG.COM
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ing you’re not flying in the dark. Recently, a 
friend asked me to get some GoPro video of 
a rooftop party he was having. I packed my 
Flamewheel 550 with the new GoPro Hero+ 
and 3-axis Zenmuse. After the first flight I 
unplugged the little USB connector from 
the camera to remove the memory card and 
the ribbon cable broke in half. Without the 
cable, I had no video signal and no power 
for the camera. I literally had to fly blind 
and with the sun setting in the distance, I 
couldn’t always see the Naza M v2 LED. 
Having the telemetry screen with real-time 
flight pack voltage was a lifesaver. As soon 
as the radio began to vibrate, I knew I had 
roughly three minutes to get back and land. 
It allows me to keep my eyes on the copter, 
which is especially important when you’re 
piloting around objects or low elevation.

S.BUS

Futaba radios also offer S.Bus-compatible 
telemetry sensors for monitoring tempera-
ture, rpm, altitude, GPS, voltage and more. 
Connections are nearly effortless and the 
14SG can display the data from 12 sensors 
on the telemetry screens. For each sen-
sor you can choose the type of alert you 
would like as well as a maximum or mini-
mum value to trigger the alert. Futaba even 
allows you to assign a switch to that par-
ticular telemetry sensor, so you can turn the 
alert on/off.  

ATMOSPHERIC SENSOR

With this sensor installed, you can be 
alerted by voice, vibration or audio melody 
when your model is gaining or losing alti-
tude. I personally witnessed a crash when 
a new pilot, completely mesmerized by his 
new FPV monitor accidentally pulled back 
on the throttle while turning his head to 

look at his screen. By the time he realized it 
was coming down, it was too late. The on-
screen display was showing his altitude, but 
he was too busy trying to watch where he 
was going on the monitor. Needless to say, 
he landed in a tree at least 100 feet high. If 
his copter had this sensor, it would have 
played descending musical tones to let him 
hear that he was falling. This is great when 
you are piloting less than 20 feet off the 
ground and heading away from you, as it 
can be very difficult to determine if you are 
maintaining your altitude.

TEMP

This sensor is great for keeping an eye on 
motor, ESC or battery temps. Since most 
flight controllers can’t be used below certain 
temps, this can also help you avoid flights in 
weather that is too cold. 

GPS

The GPS module is capable of giving you 
warnings for speed, distance, altitude and 
vario (rate of ascent/descent). The GPS 
module is an information powerhouse. I 
personally own this sensor and in the event 
of a crash or lost model, I can easily pull up 
the latitude and longitude GPS data and use 
it to locate the model. 

THE LAST WORD

Futaba’s telemetry is a highly evolved and 
precise set of sensors. Its elegant design 
intuitively keeps you aware of your model’s 
flight status and the alerts can be set to your 
taste and preference. The seconds leading 
up to a crash can be hectic or even panic-
stricken. These are the moments you are 
least likely to be able to think clearly. Radio 
telemetry alerts like audio tones, voice 

prompts or vibrations are nearly impossible 
to miss and that can be all the difference in 
the world when every second counts.  b

CONTACT
FUTABA futaba-rc.com
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By Patrick “Lucidity” Sherman, Roswell Flight Test Crew

 So how does it work? Thermal imaging 
creates a picture of the environment by 
distinguishing between the different 
temperatures of objects. All objects radiate 
heat into the environment, either because 
they themselves are generating heat; like 
a living human being or a running car 
engine or because they are re-radiating heat 
absorbed from the environment, like asphalt 
that stays warm long after sunset.
 Because different objects generate, 
absorb and radiate heat at different rates, 
measuring the differences between them 
can yield a very detailed picture of the 
environment and that is precisely how 
thermal imaging cameras work. And, as the 

Lumiere brothers demonstrated all the way 
back in 1895, string together a series of still 
images in rapid succession and you are able 
to perceive motion; as we do with film and 
video.
 Seeing heat, instead of the visible light 
we perceive with our standard-issue human 
eyeballs opens up a world of potential 
applications, from search and rescue, 
to industrial inspection and scientific 
research. Now, add that capability to small, 
unmanned multirotor aircraft and you have 
created a powerful new tool for saving lives 
and performing other tasks that would be 
much more expensive or even impossible, to 
achieve by any other means.

SEEING THE UNSEEN

Of course, there is no such thing as a 
thermal image that we can perceive with 
our own eyes; they aren’t sensitive to the 
appropriate wavelengths. Therefore, a 
thermal imaging camera actually has two 
distinct and equally important jobs; first, 
it must detect the incoming photons of 
thermal energy being radiated by objects 
in the environment and, second, it must 
translate that data into patterns that our 

FLIR 101
If you want to understand what thermal imaging is and how it works, begin by 
understanding what it isn’t. First of all, it isn’t magic:  it can’t see through walls…
heck, it can’t even see through windows. Also, it isn’t “night vision.” It works just 
as well in full daylight as it does in total darkness.

An introduction to thermal 
imaging technology for use with 
unmanned multirotor aircraft

This picture, captured by a FLIR Tau2 640 carried aboard the Roswell 
Flight Test Crew’s RQCX-3 “Raven” hexcopter, shows the clarity of aerial 
imaging that this technology can deliver. Taken it daylight, it nonetheless 
reveals details that only a thermal imaging camera can provide: notice 
the warm tires and exhaust on the dark van parked next to the building 
indicating that it was recently driven.

Because digital “noise” accumulates on the thermal imaging sensor over time, the 
camera must be recalibrate itself every minute or two while it is in operation. This 
process, known as Flat-Field Correction (FFC) involves a thermally neutral object 
passing between the lens and the sensor. To alert the operator to the fact video 
is about to be lost for a few seconds, a turquoise square appears in the top-right 
corner of the frame.

The FLIR Tau2 Thermal imaging camera is available in three models: the 640, the 320 and the 160. The 
number corresponds to the horizontal pixels in the image, with more pixels yielding a better quality 
image. These three pictures, captured simultaneously above a rural park, demonstrate the relative sharp-
ness of the images generated by each of the cameras.

The “white-hot” color palette is commonly used 
in tactical applications. When using this setting, 
the warmest object in the camera’s field of view 
will appear to be white, and the coldest object 
will appear to be black.

FLIR thermal imaging cameras can be powerful 
tools, especially when deployed on board multi-
rotor aircraft to assist first responders. This im-
age, captured by the Roswell Flight Test Crew’s 
RQCX-3 “Raven” hexcopter, shows firefighters 
battling a structure fire during a training exercise.
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eyes will recognize as images.
 What does a thermal image look like? 
Well, it can look like whatever you want it 
to look like; you can make cold objects blue 
and hot objects red and objects in between 
different shades of purple or you can 
employ the whole rainbow: every hue and 
shade of color that our eyes can perceive 
could, in theory, be used to represent 
gradations in temperature.
 Indeed, in many scientific and technical 
applications, full-spectrum imagery is 
utilized to help detect subtle changes in 
temperature. However, this tends to render 
the world as Andy Warhol might have seen 
it in a fevered dream: with splashes of color 
that do as much to obscure, as reveal, the 
familiar shapes and patterns we see in the 
world around us.
 Therefore, most tactical thermal imaging 
applications such as search and rescue, 
firefighting and maritime surveillance, for 
example, use a very simple color palette; 
black and white, with shades of gray in 
between.
 This makes it easier to pick out familiar 
shapes, in spite of the unfamiliar spectra we 
are using to perceive them; people may be 

ghostly, glowing white figures, but at least 
they are shaped like people and so it is with 
cars, cats and dogs, trees, buildings and 
everything else you’re accustomed to seeing 
in the world around you.
 Even using a black-and-white palette, 
there are still two choices; “black-hot” 
and “white-hot.” Black-hot means that the 
hottest object within the camera’s field of 
view is black. For whatever reason, this 
is the configuration that the U.S. military 
seems to use most often; at least in the 
videos that they share with the public.
 Conversely, white-hot means that the 

hottest object in the frame is white. You’ll 
typically see this standard used in civilian 
applications, such as search and rescue, law 
enforcement and firefighting. This is a user-
configurable setting on the camera, so you 
can set it up whichever way feels the most 
comfortable to you.

256 SHADES OF GRAY

Imagine you’re flying your multirotor 
equipped with a thermal imaging camera 
over a campsite on a snowy, tree-covered 
hillside at twilight. The camera is configured 
for white-hot display and, at approximately 

The FLIR Tau2 camera is available at 
several different sensor resolutions, from 
160 pixels of horizontal resolution up to 
640 pixels of horizontal resolution, with a 
proportional amount of vertical resolution.

The FLIR Tau2 640, which is well suited for use 
aboard multirotor aircraft, weighs about 100 
grams and is capable of streaming live video out 
to the pilot’s First-Person View (FPV) system.

In addition to making objects visible based on the heat that they emit into the environment, the FLIR 
thermal imaging camera is sensitive enough to detect the residual change in temperature that results 
when a warm object rests against a cooler object for a moment. In this case, a handprint is clearly vis-
ible on a wall, even after the hand that provided the heat is gone.

Variations in thermal emissions from objects in the 
environment do not have intrinsic “colors” associated 
with them. Instead, the user can assign a color palette to 
represent the different temperatures that camera detects 
and displays. Typically, the “white-hot” and “black-hot” 
palettes are used for tactical applications, owing to their 
clarity.

THEDRONESMAG.COM
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500 degrees Fahrenheit, the campfire 
is the hottest subject in your field of 
view so it stands out as pure white 
on your display.
 The coldest thing is a patch of 
snow at zero degrees Fahrenheit, so 
it appears as a black area. Everything 
else you can see; the trees, the 
campers, their tents, and so forth, 
are represented by 256 shades of 
gray between black and white. The 
people, radiating at 98.6 degrees 
Fahrenheit, are a relatively light 
shade of gray, somewhat diminished 
by the warm, insulated clothing they 
are wearing.
 The sun has just set, so the trees 
are still radiating its warmth out into the 
cool night air, they are a dark shade of gray, 
but still distinctly visible against the snow in 
the background.
 Given all that, and ready access to a 
pocket calculator, you can determine that 
each descending shade of gray is equal to 
approximately 1.9531 degrees Fahrenheit, 
right? Wrong!
 That’s not a bad guess... However, if 
you think about it, there probably isn’t 
anything in your camera’s field of view that 
is registering at temperatures between the 
500-degree campfire and the 98.6-degree 
humans, so assigning approximately 80 
percent of your available gradients to that 
temperature range would be a huge waste of 
a scarce resource.
 What you’re really interested in seeing 
is the bare tree branch that your multirotor 
is about to collide with, even though it’s 
just two degrees warmer than the hillside 
behind it. To allow you to pick out those 
small, but often incredibly important details, 
the thermal imaging camera assigns those 
256 shades of gray to different temperatures 
dynamically, changing from one instant to 
the next, in order to create the best possible 
image.
 This approach has one huge advantage 
and one big drawback; it yields much more 
detailed, and therefore useful, imagery. 
However, it also means that different 
shades of gray do not correspond to specific 
temperatures, but only reveal the relative 
difference in temperature between two 
objects.
 You can’t say that the campfire is 500 
degrees just because it shows up as white on 
the thermal imaging camera, only that it’s 
warmer than everything else in the frame.

IT HERTZ!

Just like visible light cameras and displays, 

thermal imaging cameras are available at 
different resolutions and are capable of 
delivering different frame rates. The number 
of frames that they deliver per second is 
measured in hertz (Hz). Basically, there are 
two options: 30 Hz and 9 Hz.
 Obviously, you get more than three 
times as many frames each second with the 
30 Hz model, which translates into much 
smoother, more fluid motion and would be 
your first choice for, well, pretty much any 
application you would ever contemplate. 
So, why is there even a 9 Hz model for sale? 
Good question!
 The reason is that the 30 Hz version is a 
U.S. export controlled item. The government 
has determined that it’s not in our nation’s 
best interest to make these things available 
worldwide, so selling them abroad or even 
leaving the country with one stuffed inside 
your sock, without government approval 
is a felony. So, the 9 Hz model is basically 
produced for international sales.
 Compared with their visible light 
counterparts, thermal imaging cameras are 
comparatively low resolution. For example, 
even the original GoPro Hero sports camera 
was capable of capturing full high-definition 
video; an image 1,920 by 1,080 pixels. The 
maximum resolution for a thermal imaging 
camera suitable for mounting on board a 
multirotor, by contrast, is 640 by 512 pixels. 
A low-resolution model delivers just 160 by 
128 pixels.
 Thermal imaging cameras have one 
additional feature, which is completely 
alien to visible light imaging: Flat-Field 
Correction (FFC). For a variety of arcane, 
technical reasons fully understood only by 
an enlightened few, while a thermal sensor 
is in operation, digital “noise” accumulates 
in the image.
 Think of driving a car in the rain: 
raindrops accumulate on the windshield, 

making it harder and harder to see 
clearly. What do you do? You turn on 
the windshield wipers and that is almost 
literally what the FFC process entails.
 For a brief moment, a thermally neutral 
target is lowered between the lens and the 
thermal sensor, allowing the sensor to re-
calibrate itself and deliver a clean image 
once again. This process is completely 
automatic and occurs at regular, user-
defined intervals. Of course, while it’s 
happening, you’re literally flying blind.
 A moment before the FFC occurs, the 
camera flashes a turquoise square in the top 
right corner of the frame to let you know it 
is coming. While it’s happening, it displays 
a still frame of the image it had before the 
sensor was obscured. 

MULTIROTOR TECH  I FLIR 101

Although FLIR thermal imaging cameras are perhaps best 
known to the public for their use in tactical applications 
such as firefighting and search and rescue, the company also 
makes systems that are used in a range of industrial and 
scientific applications. Here, a high-resolution thermal imag-
ing camera that requires an active cooling system to function 
looks at how heat is distributed across a printed circuit board.

FLIR is not only the world’s single largest 
manufacturer of thermal imaging systems; it is more 
than twice the size of all of its competitors combined. 
The Roswell Flight Test Crew flies exclusively FLIR 
thermal imaging cameras.
 All of the thermal imagery that accompanies 
this article was captured using FLIR cameras and 
the technical details and specifications that we 
refer to throughout are based on the company’s 
products. Unless otherwise noted, these images 
were taken with a Tau2 640 camera core; an OEM 
unit manufactured by FLIR to be integrated into other 
products before being sold to the public.
 The Tau series of cameras has been developed 
primarily for tactical uses; military, law enforcement, 
firefighting as well as search and rescue. The 
company also makes a host of products for industrial 
and scientific applications.
 In 2014, FLIR introduced its first consumer 
product, the FLIR One. It incorporates a small thermal 
imaging camera into a dockable sled for the iPhone 6, 
combining its output with images from the phone’s 
visible light camera to create a detailed composite 
image at a fraction of the cost of stand-alone 
systems.

THEDRONESMAG.COM



Among many different uses for drones by hobbyists and professionals, FPV fly-
ing was one of the earliest ones and arguably the most exciting of them all. It is 
amazing to watch this “sport” evolve rapidly from a relatively small group of 

enthusiasts flying their custom-made fixed-wing and multirotor FPV machines, 
to somewhat of a revolution with more and more peo-ple getting involved. The manufac-
turers are responding with FPV equipment options ranging from ready-to-fly drones, to 
wide selections of components for the people who like to tinker, experiment and customize 

their own machines. 
   FPV race tracks and 
organized events are 

Words by Petr Hejl

Become Immersed in the action! 
FPV Drone Racing 
Revolution
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being established all over the U.S. and the world, making it easier to find 
like-minded people and share the thrill of experiencing a high-speed, 
close-proximity flight from the pilot’s point of view.

HOW TO GET IN?

If you are new to this hobby and interested in getting into FPV flying, I 
would strongly recommend learning on a less expensive RTF (ready-to-
fly) copter and getting comfortable with the controls before progressing 
into FPV flying. FPV flight is quite a different experience from line-of-
sight flying and it really helps to be familiar with the way the controls 
work. It is a very good idea to check on online RC/FPV forums and 
Facebook groups if there already is an FPV group or a racetrack in your 
area and visit one of their events. This is a 
great opportunity to meet other commu-
nity members and have a look at different 
equipment options and combinations that 
other people are using.

THE GEAR

There are already quite a few mini-
quadcopters in the 250-class category 
(230mm-280mm in size, measured between 
the tips of opposite arms) to choose from 
and it pays to spend some time studying 
the reviews and talking to people already 
involved in the hobby for advice. Online 
RC and FPV forums and Facebook groups 

are also a great resource to help you choose the machine that is a good 
match for your skill level and budget.
 Perhaps the biggest consideration is the parts availability. FPV flying 
and racing comes with many inevitable crashes, so whatever machine 
and manufacturer/distributor you choose, make sure that you can easily 
get replacement parts to keep your fun going. Your local hobby store 
may be a good part source worth checking out before ordering online.
 Frames are usually made from plastic or carbon fiber and differ 
widely in number of parts and design. The frame should be sturdy 
enough to withstand the inevitable crashes and easy enough to repair. 
While carbon fiber is a preferred material for its rigidity and relatively 
light weight, G10 and plastic frame options offer great crash-resistance 

on a budget.
 Solid piece frames seem a bit more rigid 
and usually weigh less since there is no 
hardware needed to attach the arms to 
the bottom plate. However, breaking one 
arm in a really hard crash means pretty 
much re-building the entire machine. The 
frames with detachable arms add a little 
bit of a weight and may be somewhat 
easier to break, but as long as the parts 
are readily available, they are also easier 
to repair. 
  Picking a frame with an integrated 
power distribution board makes the wir-
ing much easier. Be sure that the frame 

PHOTOS BY PETR HEJL AND ERICK ROYER
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you choose can easily fit all of the electronic components you wish to use 
by checking the dimensions of the frame and the components before or-
dering. Most frames will allow for tilting the pilot camera up by various 

degrees, which helps avoid 
looking too much into the 
ground when pitching the 
copter forward.
    The motors and ESCs can 
usually be purchased as a 
package with the frame, with 
the motors ranging from 

1800-2500Kv and the ESCs from 10-15A. 2400Kv motors with 
12A ESCs on a 3S LiPo battery are usually a good start. While 
5X3 is perhaps the most widespread prop-size, many racers 
prefer to use 5X45 bullnose props. These are essentially cut 
down 6-inch props with rounded tips that are more rigid than 
the 5X3s, giving the copter more locked-in feel and speed at 
the expense of some flight time.
    There are a few flight controllers to choose from, with 
Naze32, OpenPilot CC3D, MultiWii or SP racing F3 being 
amongst the popular choices. The flight controllers are rather 
simple, light, offer only a few flight mode options and usually 
need to be setup and programmed. When choosing the flight 
controller, check out online resources and tutorials to be sure 
you’re comfortable with setting it up. It also helps to know 

someone local to you who can help take you through your first setup. 
The flight controller should also be able to connect to your RC receiver; 
some RC receivers may require adapters to work. 

FPV DRONE RACING REVOLUTION



 When choosing the camera, consider whether to use a CCD camera 
versus CMOS. While CCD tends to be more expensive and consume a 
bit more power, they handle extreme light conditions (direct sun, after 
dark) better and are not susceptible to vibration-induced jello. There are 
many different cameras at varying price points to choose from and it is 
a good idea to read through the reviews and watch any available test 
videos taken with the camera you are considering. Some cameras offer 
different lens options to customize the field of view and the choice here 
is a bit subjective. The lens should not be too wide to make objects seem 
too distant, but it also should not be so long that you only see a very 
narrow strip. Online forums and camera reviews usually show screen 
shots with different lens options that can help you decide.  Other things 
to consider are input voltage (5V cameras require 
BEC to “step-down” the voltage from a 3-cell LiPo 
battery), weight and size.
 Many copters offer a way to mount an action cam 
to record your FPV adventures in HD. If you don’t 
want the extra weight or to risk your action cam in 
a crash, you can look for a ground station monitor 
that allows you to DVR the video downlink onto a 
memory card.
 OSD (on screen display) units usually plug in 
between the video camera and transmitter and 
provide vital flight info (i.e. battery voltage, power 
consumed, current draw, RC signal strength, 

altitude, speed) to be superimposed over the video image. OSD is a great 
way to keep an eye on your battery voltage and prevent damage to your 
battery or copter.
    There are a few options for video transmission. The UHF systems are 
great for long range FPV, 1.2GHz systems offer a good object penetra-
tion, 5.8GHz systems are overall a pretty good compromise for FPV rac-
ing. The components are lightweight, antennas are much smaller when 
compared to other frequencies and they’re a very popular choice for FPV 
racing. 2.4GHz video frequency is not the best idea for FPV racing as it 
may interfere with the 2.4GHz RC controllers of your fellow racers. One 
of the biggest challenges in drone racing is video interference. It is very 
important to assign video frequencies to all participants beforehand to 

prevent crashes caused by loss of video signal due to inter-
ference. Diversity systems include two receivers and a unit 
that chooses the better of the two signals to be displayed on 
the monitor or goggles. Each receiver is then fitted with a 
different antenna, one of them usually a circular polarized 
antenna, the other with a directional antenna with higher 
gain. Directional antennas offer higher gain and work on 
longer distance, but need to be pointed in the direction of 
the aircraft in order to work. 
    There are many displays and headsets to choose from. 
It is a good idea to start flying in FPV by watching the 
monitor and then slowly transition to the “fully immersive” 
headset experience. Some monitors or headsets come with 
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built-in video receivers, which looks neater, but may 
mean that the entire unit needs to be replaced once one of 
the components fails.
 Headsets (Goggles) can be found at different price 
points, resolutions and field of view angles. Just like with 
the other components, it pays to reach out to product 
reviews, online forums and any local FPV groups when 
choosing the right headset for your needs and budget.

FPV RACING

After some practice it’s time to find your nearest FPV 
event and meet some new FPV friends. You can find your 
local group, or at least a few like-minded individuals to 
start one with, online. There are quite a few forums and 
Facebook groups dedicated to FPV racing. FPV racing 
leagues are also a great resource as many of them already 
have established chapters and points of contact through-
out the country. 
 We have recently started our local FPV racing 
organization, Northeast FPV Racers, and held our first 
FPV meet and race day at RC Hobbies and More in 
Winsted, Connecticut. The event saw about 25 pilots in 
attendance with many spectators. We had a lot of fun 
meeting many new friends and competing on our large 
FPV course. We also learned many valuable lessons 
about organizing and managing FPV racing as it comes 
with quite a few challenges.
 To help streamline the process and overcome some of the challenges, I 
reached out to Chris Thomas from the MultiGP league and we were hap-
py to join the ever-growing nationwide list of their chapters. MultiGP is 
a grassroots racing organization with a mission to make FPV multirotor 
racing a real sport. Chris is an avid pilot and entrepreneur and started 
the MultiGP to help their chapters establish racing in their areas, provide 
the rules that ensure event safety, equipment, software and help with 
event scheduling and organization. Their website allows for the racers to 
create a racer and drone profile, interact with each other and register for 
chapter events. 
 We created a track from 10 simple gates made out of PVC pipe 
wrapped in swimming foam noodles. Since this was our first event, 
we left the gates rather large at eight feet tall and we incorporated 
some simple elevation changes, a slalom and a few fast sections into 
our track layout. As I mentioned above, the biggest challenge of them 
all is to properly manage the video frequencies, not only during the 
racing, but also throughout the entire event. Video interference is a big 
concern, as it may cause someone to crash after loosing his or hers or 
picking someone else’s video signal. The spec 250 racing class limits 
the video transmitter power to 250mW and a tech inspection is needed 
with an RF frequency analyzer to make sure that a faulty transmitter in 
not “bleeding” into other nearby frequencies. A launch area needs to be 
established away from the pilots, as powering on the video transmit-
ter near active pilots may also cause a short-term interference. The 
launch area should also be the only area where the video equipment 
can be powered on, to prevent someone turning on the equipment in 
the pit area from causing interference problems to someone flying on 
the track. The correct channel setting should be assigned and verified 
by a track official before the machine is flown, to make sure there is no 
one else using the same frequency. Using frequency pegs or tags is also 
a great way to prevent accidents. The pilot is given a frequency tag to 
hold on to when they’re flying, so it’s easy to identify the frequencies 
being used at any given moment.
 Since most of our participants’ drones were sporting powerful 
600mW video transmitters and we did not have an RF frequency 

analyzer, we resorted to time trials with two pilots at a time to keep the 
event accident-free. The time trials consisted of three timed laps around 
the track, with the best lap recorded on the leader board. The pilots were 
given an option to turn around and try to go through a missed gate 
again, or take a 10-second penalty for missing it. Track officials were 
watching for any missed gates on video monitors and used a simple 
stopwatch to time the racers.
 In order to be able to safely run more drones at a time at our future 
events, we adopted the MultiGPs 250-size spec class rules for the race 
and among other things, limited the video transmitter power to 250mW. 
We are also working to acquire an RF analyzer to be able to verify the 
frequencies and use frequency bands closer together. Participants with 
machines and video transmitters outside of the spec class will still be 
able to enjoy competing in the time trials. 
 If you’re planning to participate in an FPV racing event, it is a great 
idea to check with the organizers to learn if there are any mandatory 
drone or video transmitter specifications. If using a stopwatch for timing 
is not enough, there are infrared timing systems and transponders avail-
able for purchase either through MultiGP or iLaps. Some FPV racing 
locations are already using these systems and may have transponders 
available for rent or purchase. We have also set up a few monitors in the 
spectator area to let anyone visiting enjoy the experience of FPV racing. 
 If you’re considering getting into the amazing sport of FPV racing, use 
the many available online resources to pick a racing drone that suits your 
needs, experience level and budget. Find and attend a local FPV meet or 
race to talk to the participants and get familiar with the environment and 
the organization, they’ll be happy to help you get going. If you’re inter-
ested in organizing the FPV races, MultiGP FPV racing league or similar 
organizations are a great resource to get started and help efficiently and 
safely manage your events.  

CONTACTS
FPVLAB fpvlab.com

MULTIGP multigp.com

RC HOBBIES AND MORE rchobbiesandmore.com
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MIKE STEIDLEY: OK, so let’s get started; give 
us a quick rundown of how long you’ve been 
flying and the genre you typically film.
JOHN LESAGE: I have been flying multirotors 
since 2010. It all started when I got into RC 
airplanes at 10 years old and then helicopters at 
13. Fast forward to age 44 and that makes just 
over 30 years of flying. I have also spent quite 
bit of time in fixed wing full-size planes. I do 
a lot of work on scripted reality shows flying 
heavy lifters and RED and action sports stuff. My 
favorite is filming action sports events and most 
of that is done on custom rigs for GoPro and 
Sony cameras.

MS: So we want to get into filming whitewater kayaking, with 
Durango being home to the whitewater epicenter you must have 
a pretty good canvas to work from. Tell us your favorite parts of 
filming whitewater.
JL: Durango itself is a great place to test 
and improve my skills when it comes to 
whitewater. We have the Animas River 
that comes right through town and a 
newly re-built whitewater park, “Smelter 
Park”. Because of this we have tons of 
talented athletes to film. All this training 
and practice pays off each summer at 
Payette River Games in Cascade, Idaho. 
I have provided aerial for that event 
since its inception. The event has allowed 
me to film and become friends with the 

premier kayakers and SUPers (Stand Up 
Paddleboards) in the world and has led to 
numerous filming engagements outside of 
Payette River Games as well.

MS: Talk to us about before you even lift off. 
What special setup do you use? Do you make 
any modifications to your equipment?
JL: When it comes to filming whitewater 
action I generally don’t do anything extra to 
the gear. The same safety checklists are in 
play every time I fly regardless of location. 

That way you are guaranteed consistency. I will say that I am super 
conservative with the LiPos when flying over whitewater. It’s 
certainly best to be conservative with flight time, 3.75 a cell and I’m 
on the ground switching batteries. I like to also have several landing 
zones planned on both sides of the river in case of emergency. 

Sometime the safest spot might not be the 
side of the river you’re on.

MS: So prior to filming a kayaker, talk 
to us about safety, how do you brief and 
plan out the logistics of that? 
JL: Prior communication with an athlete 
before they attempt their line, or move 
is crucial. We always discuss his/her 
intentions as well as my own, including 
those previously mentioned landing zones. 
We also will make sure that we are on same 

Let’s take a look into some whitewater flying tips and get inside 
the mind of John Lesage of LS3 Aerial. John is a big name in the 
action sports film world and has worked on many prominent 

projects covering everything you could imagine. His work has been viewed 
everywhere from the GoPro Hero 4 reel to Jeep commercials and on TV 
productions such as HGTV’s Tiny house, Small Living and the hit show 
Breaking Bad. Aside from this, his passion is action sports so he was a perfect 
candidate to provide us with some inside info on filming white water sports. 
John not only is an amazing pilot but a great guy and we are excited to bring 
you this interview with him.

INTERVIEW WITH 
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page with hand signals. Once 
the boat or SUP is in motion it’s 
important to keep an eye on the 
kayaker as well as your bird. 
One of the things I really enjoy 
about filming kayakers is that 
often the line discussed before 
flight will change somewhat. That’s 
when it’s important to know what 
the kayaker might do. You certainly 
don’t want to be too low and in his/
her way. So again, it’s important 
to have a plan A and B not only for 
your own safety but for the kayaker 
as well. 

MS: So what’s your typical flight 
plan like?  How do you go about 
maximizing your filming time?
JL: When filming whitewater it has been 
my experience that flights tend to be pretty 
short. The kayakers don’t work sections 
at a time, so flight time typically is not a 
problem. However, when filming freestyle 
kayaking where a kayaker surfs a single 
wave and does numerous tricks, then it’s 
important to make the best use of your time 
in the air. It’s common for the athlete to 
stay in a small area and do trick after trick 
for 5-10 minutes. When that’s happening, 
to make the most out of my flight, I like 
to really move around in a smooth, slow 
manner, keeping the kayaker center 
frame. I think about different altitudes and 
viewpoints. This summer filming some 
freestyle at P.R.G. I got some incredible 
shots by orbiting the freestyle wave and at 
each rotation I’d change my altitude.

MS: Let’s talk about shot design. Anyone 
can get a high altitude shot but tell us 
how to do something amazing, turning a 
jib shot into a drone shot or anything else 
you might have up your sleeve to get our readers thinking out of 
the box.
JL: In terms of shot design for white water where an athlete runs 
sections of whitewater – again, I like to vary the point of view and 
altitude, keeping things slow and smooth. I also think it looks 
interesting when you are flying up river towards the rapids and 
frame the athlete low and just above water. Something about that 

going against the 
current really makes 
you have the “how did 
they do that?” moment 
and the bottom line is 
that’s always what I’m 
striving for. With the 
popularity of UAVs 
nowadays, that is 
getting tougher because 
people are accustomed 

to seeing aerials shots now. Nonetheless, 
making this shot so that the viewer 
questions how we achieved it is something 
that is always in my head no matter what 
I’m filming. One final thought on shot 
design, I have filmed some whitewater 
that was truly huge and quite frankly, that 
might be a one-shot kind of thing. In that 
case I do keep my shot selection on the 
conservative side to be sure I don’t miss 
any action. I might only get a few feet from 
the athlete and in that case I would have 
a bit wider POV, both with lens selection 
and altitude. Again, if it’s a one-shot kind 
of thing make sure you don’t miss it. Big 
drops of waterfalls come to mind, where 
you only get one chance to capture the 
action. 

MS: What about other types of 
adventures? Give us an example of an 
exciting film subject other than kayakers.
JL: Aside from kayakers my favorite 
activity to film would be trials, both 
Unicycle and Bike. (How I met the author) 
Trials and UAVs really pair well together. 

The action from trials can really be appreciated when you combine 
some ground and aerial shots. Plus it’s just really appealing and I 
enjoy that it’s something that not many people are doing. I had a 
chance to work with GoPro and they got a bunch of Unicycle footage 
from me this year and it’s really a matter of pride to take something 
so unique and awe-inspiring to the masses.

THEDRONESMAG.COM



MS: Any tips for post-production? You work with a variety 
of clients, setups and athletes. With that, can you think of 
anything to highlight for post when it comes to shooting 
over the water? 
JL: Working with the few clients I’ve had in whitewater 
you want to get them as much data as possible to use in 
post-production. Shoot in RAW and at your highest bit rate 
settings. I prefer lower ISOs and even when I am working 
with a small rig with a GoPro, I use the ISO adjustment. Depending 
on the camera I’ll usually go for a sharp look throughout the frame 
as well. Water can be tricky in post, especially whitewater. RAW and 
some good camera settings will be greatly appreciated by the editing 
gurus. This will help get the most dynamic range and keep the video 
from breaking up in post-production.

MS: Any other tips for flying over the water and with a kayaker? 
JL: Last tip concerning kayakers. I’ve found them to all have a huge 
passion for life and want to live it up. The best shots always seem to 
be when you are partaking in that mantra with your flying. And I 
can’t stress communication with an athlete enough. You’ll build that 
friendship and the fun will come. Good times equal good shots.

MS: Thanks for giving us some insight. Any shout-outs or closing 
thoughts?
JL: I can’t even answer these questions without thinking about all 

the amazing kayakers that have let me 
chase them down river. All of them 
are great, Nick Troutman, all the guys 
from Jackson Kayak, the lovely ladies 
from Can I Surf That?, the organizers at 
Payette River Games. Awesome – and 
I’d like to thank you, Mike, for turning 
me on to mountain bike trials. 

THAT’S A WRAP!

I hope you have enjoyed these tips and remember to be safe and have 
fun flying. Stay tuned for our next installment with a comprehensive 
view on adventure travel with your drone. 

More information on Mike Steidley visit www.mikesteidley.com and 
www.visionaerialmedia.com  b
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TO THE RESCUE!
MULTIROTORS

by Bob Alberding (Foreword by Matt Maziarz)  Photos by Bob Alberding

Whether you’re into the multirotor side of RC aircraft or not, the sensation-
alized news stories regarding the machines are hard to miss these days. Tall 
tales of evil “drones” piloted by unscrupulous folks who have nothing but 
the most malicious intentions can easily, and often, be found in all types 
of media coverage. The fact of the matter is that very few of us, if any at all, 
actually have plans to use our multirotors for anything illegal. Such negative 
connotations regarding the camera-carrying rigs in the sky is a direct result 
of exaggeration that is amplified to garner attention in order to gain more 
readers or viewers. Fear of the unknown is also a key selling point for all 
the “drone” stories on the web and on TV nowadays. Privacy is the driving 
factor when adding a high-definition camera to a stable aerial platform, 
but it makes one wonder why the folks who are determined to deem our 
multirotors as illegal and have them banned altogether seem to be quite 
comfortable with the thousands of cameras that they are surrounded by 
every day. Whether it’s the cell phone in just about anyone’s pocket that’s 

equipped with the latest HD camera, traffic cams mounted on stop lights, 
ceiling-mounted dome cameras in your local department store or even the 
obligatory tourist with their new hundred-mega-pixel SLR camera strapped 
around their neck, cameras are everywhere, regardless of what hobby-grade 
machines might be carrying in our skies. With so much negative attention 
given to these camera rigs, we here at MultiRotor Pilot magazine felt it was 
our duty to bring some “feel good” type stories to the forefront in order to 
dispel some of the myths, while highlighting the positive influence that 
these machines can have in our society. The following is a piece written 
by RC helicopter and multirotor enthusiast, Bob Alberding. A resident of 
coastal New Jersey, he witnessed first-hand the devastation to his town and 
state after the onslaught of flooding and wind damage brought on by Super-
storm Sandy. Following the storm, he felt he had a moral obligation to his 
neighbors and local residents to put his flying skills to good use and to do 
his part to help out wherever and however he could. 

FOREWORD

A different view of drones
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My name is Bob Alberding. I am 
34 years old and a single father 
of two kids, my son Aaron who 

is 10 and my daughter Payton who is eight. 
I was born and raised in Point Pleasant 
Beach, New Jersey, and I now live close 
by in Bricktown. I have been in the hobby 
for about four years now, having started 
off with RC helicopters. I quickly became 
addicted to flying 3D and I picked up on 
it rather quickly. In October of 2012, Hur-
ricane Sandy hit the Jersey Shore and we 
were devastated. My kids, who live with 
their mother a few days out of the week, 
had six feet of water flow through the 
downstairs of their house along with many 
neighbors, some of whom lost everything. 
On social media, there were many pictures 
of storm damage posted by many folks, 
but the aerial shots were the ones that gave 
residents the full scope of the devastation 
and impact of the storm. Most of them were 
from full-scale planes and helicopters, but 

there was one that I came across from a 
local guy using a multirotor. I was hoping 
to see more pictures than the few that he 
had posted, but was unsuccessful at finding 
any more. Around this time, I was a 3D heli 
pilot and had little to no interest in multi-
rotors, but the recent events and resulting 
damage made me rethink the purpose and 
validity of camera-carrying platforms. 
 At this point, I wanted to get some 
pictures of my hometown and others, so 
I started save to get my own multirotor. I 
am a rep at Heliproz so I contacted them 
to see what sort of airframe they might 
recommend to suit my needs. They sug-
gested the DJI f550 since I mentioned that 
I wanted to eventually carry a slightly 
bigger camera than a GoPro. I started 
out with a DJI f550 with a cheap 2-axis 
servo-driven scorpion gimbal to carry a 
GoPro Hero3 black edition, both  
controlled by an original Naza M unit 
with GPS. I also got a set of carbon fiber 

landing gear from Multirotor Solutions 
and a VTX and monitor from Ready 
Made RC so I could frame up my shots 
more efficiently. After my initial flights, 
I purchased a Sony Nex 5N and an ASP 
2-axis brushless gimbal from RC Timer, 
which made the poor GoPro start to collect 
dust since the quality of the photos with 
the Sony were amazing. By January of 
2013, I was in the air getting some storm 
damage pictures with the GoPro. Though 
my initial flights were made a good few 
months removed from the date of the 
storm, the damage that had been caused 
was still readily apparent as many prop-
erties had not yet been surveyed. Even 
to this day, the changes in the landscape 
of the environment as well as structures 
are still obvious. I began posting my pics 
and footage on Facebook (facebook.com/
remotecontrolaerialphotography) and 
NJHeliPhoto.com to share my photos with 
locals and also people who were out of 
state who had lived here, have summer 
homes here or just vacation here. The Face-
book page soon gained a lot of attention 
and my photos started being shared all 
over the web. I would get emails asking 
me to take pictures of different towns as 
people wanted to see what the damage 
had looked like, and even from people 
who wanted to see if their property was 
still intact since they were out-of-state. 
Everything I was doing was on a volun-
teer basis and I was happy to do it. There 
was such a sense of community here after 
the storm that I hope will remain, which 
is why I was more than happy to volun-
teer my time and efforts to such a cause. 
Neighbors were helping neighbors in any 
way they could and this was a small way 
I could give back. I began sending my 
photos to townships of the beach areas 
that sustained the most damage. They 
were very appreciative since this was not 
only a great perspective, but it was a free 
source of documentation of the damage 
that would be able to be used for insurance 

The Army Corps of Engineers,  
NY District, performing a much- 
needed beach replenishment on the 
coastline of New Jersey. The Corps  
used Bob’s photos and videos for  
before and after reference.

A local attraction for many years, 
the Jet Star roller coaster in Seaside 
Heights, NJ, fell victim to the powerful 
storm surge of Hurricane Sandy.

A boat that had been 
displaced by the 
storm sits near the 
banks of the Toms 
River. The fuel spill 
emanating from the 
boat was readily 
apparent in the photo 
and prompted the 
town officials to call 
on the DEEP to safely 
remedy the situation.

DRONES MAGAZINE                           
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or state and federal aid applications, not to 
mention for future historical reference. 
 One of my encounters was with the 
Army Corps of Engineers, who happened 
to be performing much-needed beach 
replenishment work in many of the shore 
towns. While shooting pictures one day, 
I was near where they were working and 
I decided to get some photos and video 
of their work. I kept a safe distance, as I 
always do, and then shared my work with 
the Army Corps on their Facebook page. 
They were very excited to see this technol-
ogy used for this purpose and were blown 
away with the endless uses they could 
think of for it. They asked permission 
to use my work at town meetings where 
my photos and video really show exactly 
what the process is for the sand pumping 
and beach fill. Additionally, I felt this was 
a great benefit to the locals because they 
could gain a better understanding of the 
process and maybe dispel some of the 
misconceptions that people had about the 
work. Because of the massive amount of 
recovery work that was and still is needed 
here, I have begun to develop a close 
relationship with the Army Corps and I 
am more than willing to continue to work 
with them on other projects and volunteer 
as much as my work schedule allows for 
it. One thing I would like to stress is that I 
am very safe with where I fly and the tim-
ing of it. I never fly on a crowded beach as 
most of my flights were conducted during 
the colder months when the beaches have 
very few people on them. I also fly with 
a spotter as much as possible and only 
fly over public land when I have permis-
sion from the property owner or officials 
entrusted with those particular parcels of 
land. I am constantly checking my equip-
ment for any signs of wear and I replace 

the parts when needed, even if there is a 
slight concern about something. 
 For the past year I have been a part of 
a group called RCFLI.org as their safety 
coordinator, where we volunteer our time 
and resources to the hobby. Remote Control 
Flight Leadership Initiative (RCFLI) is a 
nationwide, community-based non-profit 
organization that supports RC hobbyists. 
We advocate through political process, 
public outreach and education to assure the 
continued use of airspace to safely operate 
remote control aircraft with and without 
image capabilities. RCFLI expects to carry 
out public education by identifying individ-
ual hobbyists interested in investing their 
time to spread the word about hobby safety, 
privacy and fun both locally and sometimes 
regionally. We believe that on-the-ground 
advocacy, face-to-face interaction and the 
efforts of many translates into increasing 
the number of hobbyists. Additionally, 
becoming recognized in the community as 
a hobbyist adds a more personal, human 
element to the hobby and helps those that 
are not in the know that the tools of our 
hobby are being used in a safe, respectful 
and altruistic manner. We welcome people 
to join our group as well and to do what-
ever they can to contribute to our cause. 
This could be something as little as doing 
a demonstration for interested parties or 
as much as getting involved in the political 
process at a local or state level. Here are a 
couple quotes from people for whom I have 
volunteered my time and pictures: 

“Bob Alberding has been a valuable resource to 
the U.S. Army Corps of Engineers, Philadelphia 
District. He has taken aerial photos of ongoing 
repair work at the Barnegat Inlet north jetty. 
We use the images for a variety of purposes 
including sharing with stakeholders, historical 

reference and viewing progress.”—Army Corps 
of Engineers, Philadelphia  District                                 
 
“The Township of Toms River is extremely 
grateful for the help that Bob Alberding has 
provided to our residents. His aerial photos 
literally gave us a bird’s eye view of the extent of 
the damage caused by Superstorm Sandy. The 
Ortley Beach section of Toms River was known 
as ‘Ground Zero’ and was the epicenter of the 
storm in New Jersey. It would have been nearly 
impossible to survey the extent of the damage 
with just drive-by’s, so the Township is very 
appreciative of his photographic evidence. In 
addition, the aerial footage, which was posted 
on our Township website, helped residents not 
only see the latest ‘before and after’ photos, but 
it helped to relay evidence to insurance investi-
gators who work out of state. We hope to use Mr. 
Alberding’s work again when the Army Corps of 
Engineers replenishes our beaches in the fall of 
2014. We will use the upcoming photos as a tool 
to showcase the new and extended beaches that 
we hope to have in Toms River.”—Official from 
the Mayor’s office of Toms River, NJ 

“Mr. Alberding’s aerial photos and videos of the 
Corps’ ongoing beach replenishment work in 
New Jersey have provided a unique perspective 
of the major projects going on to restore coastal 
storm risk management and erosion control 
projects after Hurricane Sandy. The imagery 
gives stakeholders a unique perspective of these 
large-scale ongoing projects on their beaches that 
they don’t get when they are seeing these proj-
ects while walking along the beach, and because 
of that have been very popular with local resi-
dents and personnel here at the Corps.”—Army 
Corps of Engineers, NY District  b

Below left: The Army Corps of Engineers, Philadelphia District, works to rebuild a jetty in Island Beach State Park. Below right: An aerial shot of the extensive damage caused by the board-
walk fire in Seaside Heights, NJ. The blaze was started by electrical wires that had been corroded by the flood waters resulting from the storm surge.




