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Abstract  

One important challenge for Sandhill Crane conservation is the collection of regular, accurate 
counts of birds roosting in flooded areas at night. Estimates of roost site numbers are an 
important way to track population size over time and detect any changes in site selection that 
may be a function of management or changes in site conditions. Traditional methods for 
estimating roosting crane numbers are morning and evening counts of cranes as they arrive at or 
depart their roosting sites. The accuracy of these counts however is often hampered by poor 
visibility in foggy and/or low light conditions, variations between observers, difficulties in 
accurately estimating the number of birds when many are flying to or away from the site, and 
difficulties in pinpointing specific locations where birds are roosting. Use of small unmanned 
aerial systems (sUAS) equipped with infrared cameras provide a promising alternative for 
developing more accurate estimates of roosting population numbers efficiently and more 
frequently, as well as a method of mapping specific roosting locations relative to habitat features. 
sUAS could also assist in surveying new areas for roosting cranes, as even though these birds are 
often traditional, they are known to colonize new areas if habitat conditions are suitable. This 
paper presents a case study on how to get approval from the Federal Aviation Administration 
(FAA) for night flight missions, how to decide the mission parameters and timing, as well as 
initial post-processing workflows. From 11 night missions performed, we also will share in this 
paper our findings and lessons learned. 
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INTRODUCTION 

The use of sUAS has grown significantly over the past several years as cameras and aircraft 
become more commonly available.  The potential that they represent, providing on-demand high 
resolution imagery for remote sensing, has driven their adoption in research domains from 
archeology to wildlife conservation.  However, as this new technology is adopted, there remains 
significant challenges for regular deployment and reliable measurements (Stark & Chen, 2016b).  
As early as 2006, researchers have investigated the use of sUAS for wildlife research to replace 
costly manned aviation expeditions (Jones, Pearlstine, & Percival, 2006).    

In the case of the migratory Sandhill Crane, accurate counts of their roosting numbers are 
critical for conservation efforts.  Their roosting sites in the Sacramento-San Joaquin River Delta 
are constantly threatened by human encroachment, changes in farming techniques and variable 
water usage rates.  As the birds are only stationary at night, the current methods for estimating 
numbers involve on-site visual counts, in the early morning or evening.  The combination of 
weather, low-light conditions, variations between volunteer observers and other difficulties 
pinpointing exact counts leads to a wide-range of errors.  The potential exists for underreporting, 
missing roosting sites, or failure to detect site trends, all of which may hamper further 
conservation efforts.   

A potential solution exists in the use of a sUAS with a thermal infrared (TIR) camera.  
TIR cameras measure infrared energy in the far infrared wavelengths (3 μm to 15 μm) and can be 
calibrated to provide a temperature measurement.  Over the past several years, researchers have 
begun to utilize TIR cameras on sUAS for a variety of applications such as search and rescue, 
and in agriculture (Stark, Smith, & Chen, 2014).  A sUAS could be flown at night while the 
Sandhill Cranes are roosting, and use a thermal infrared camera to identify the birds on the water, 
where the birds primarily roost.  The temperature differential between the cranes and the water 
has been previously demonstrated, providing enough contrast to count (May, 2014). However, 
the use of small rotary-wing sUAS provides approximately 20 minutes of flight time, not enough 
to provide coverage for an effective census count.  It has become important in the past several 
years to identify methods to improve optimization of sUAS-based remote sensing (Stark & Chen, 
2016a).  In this paper, a case study on the use of a small fixed-wing sUAS equipped with a 
thermal infrared camera is presented.   

This project targeted the use of a sUAS for the identification of Sandhill Cranes through 
the use of a thermal infrared camera at the project site on Staten Island within the Delta.  Four 
specific issues were identified as primary challenges to the successful completion of the project: 
Obtaining legal authorizations for flight operations at night, developing an effective 
methodology, determining the optimal data collection process and determining the optimal 
spatial resolution.  The rest of the paper discusses each of these issues in detail, followed by a 
discussion of best practices and lessons learned. 

 

FLIGHT OPERATIONS AT NIGHT 

sUAS flight operations at night has been of increasing interest in the past couple of years.  While 
the FAA typically prohibits the operation of sUAS at night, there are two processes in which an 
applicant may petition to enable it.  The new regulations in 14 CFR 107 also known as Part 107, 
introduces a waiver process that a sUAS operator may present a safety case to the FAA for 
authorization to conduct sUAS flights at night.  Similarly, Public Agencies are permitted to apply 
for a Certificate of Authorization (COA) that may include legal permissions to fly at night.  Both 

World Environmental and Water Resources Congress 2017 110

© ASCE

 World Environmental and Water Resources Congress 2017 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 M

er
ce

d 
on

 1
0/

21
/1

7.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



  

 
 

processes require a significant effort on providing a safety case that the flight operations do not 
impact the safety of the national airspace system (NAS) nor does it pose a risk to any person or 
property on the ground. A detailed analysis of the process of obtaining authorization for flight 
operations at night can be found in (Stark, Smith, Navarrete, & Chen, 2015). 

EXISTING REGULATIONS AND RELEVANT STATUTES 

The regulations for manned aviation flight operations provide an effective starting point for 
addressing an effective safety case.  A sampling of relevant statutes can be found in Table 1 from 
Title 14 of the Code of Federal Regulations (14 CFR).  The regulations are focused around two 
major themes, visibility requirements and personnel requirements. The latest regulations 14 CFR 
107 introduced a standardization of anti-collision lights (visible to 3 statute miles) and the waiver 
process that can be used for civil flight operations at night.  

 
Table 1: Relevant Statutes for Flight Operations at Night. 

Statute Description Notes 
§23.1385 Position Light System Installation Applicable for sUAS Operations 
§23.1387 Position Light System Dihedral 

Angles 
Insufficient for sUAS operations. Dihedral angles 
should be expanded to 170° and tail light should be 
visible 360° 

§23.1395 Maximum Intensities in 
Overlapping Beams of Position 
Lights 

Insufficient for sUAS operations. Overlapping 
beams is necessary for orientation estimation. 

§61.57 (b) Recent Flight Experience Applicable for sUAS Operations. 
§107.29 (b) Daylight Operation anti-collision 

lighting system 
If operating during civil twilight, the aircraft must 
have anti-collision lighting visible to a distance of 
3 statute miles. 

§107.200 sUAS Waiver Policy and 
Requirements 

Specifies the process to petition for a waiver for 
authorization for flight operations at night. 

 

SAFETY CASE 

The proponent must make a safety case to the FAA to petition for authorization to conduct flight 
operations at night.  There are two major components to this safety case: Meeting necessary 
visibility conditions and implementing adequate operating procedures. 

The sUAS must not only be visible to the operator, but to any potential intruding air 
traffic.  The aircraft must be shown to be compliant with the regulations from Table 1 to meet 
this condition.  However, this is not the only visibility requirement.  Procedures must be 
documented and implemented to address any safety hazard that may arise when the lighting 
system fails or is insufficient.  Mitigation strategies and other means of operational control must 
be documented.  This may include requiring the area be fully secured before operation, the 
marking of any potential aircraft hazards and additional visual observers to monitor the aircraft 
and any other intruding aircraft.   
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picture is repeated both vertically and horizontally).  Under these parameters, the fixed-wing 
sUAS is able to cover between 120-180 acres with robust coverage or up to 260 acres with best 
practice coverage.  However, in practice, due to high wind conditions, robust coverage 
parameters were chosen, limiting coverage area. 

A total of 11 flights were conducted on between October 2014 and March 2015: Two 
flights took place on October 5th, one on October 19th, one on November 13th, three on 
November 16th, two on December 18th, 2014, and two on March 5 2015. 

NIGHTTIME FLIGHT OPERATIONS 

The six flights conducted in November and December of 2014 generated the best data and are 
summarized in Table 2. The average flight time was 43 minutes, including roughly 27 minutes of 
mission time. Other air traffic in the site was minimal and there was no threat of intruding air 
traffic. 
 
Table 2: sUAS Nighttime Flights in 2014. 

Flight   Date Start Time Flight Time Mission Time Images Sunset Air Temp

Flight 1 Nov 13th, 2014 7:20 PM 0:38 0:23 413 4:55 PM 59° F 
Flight 2 Nov 16th, 2014 6:50 PM 0:46 0:35 634 4:53 PM 58° F 
Flight 3 Nov 16th, 2014 8:30 PM 0:47 0:31 687 4:53 PM 54° F 
Flight 4 Nov 16th, 2014 10:02 PM 0:44 0:29 413 4:53 PM 46° F 
Flight 5 Dec 18th, 2014 9:52 PM 0:42 0:18 507 4:47 PM 51° F 
Flight 6 Dec 18th, 2014 11:26 PM 0:41 0:28 593 4:47 PM 49° F 

BIRD DISTURBANCE 

The birds were disturbed by the presence of the sUAS, though no determination on whether they 
are disturbed by the sUAS lighting system or the sound. Launches were more successful at 
distances greater than 100 meters from the desired plots and launching away from the roosting 
sites. 

The initial flights at 400 ft disturbed the birds moderately, although it did not appear that 
the cranes were flying off.  Smaller geese were more commonly seen flying off after being 
disturbed. Flying at a lower altitude was attempted on flight 5, on Dec 18th, in which the flight 
altitude was initially reduced to 250 ft, however, it was observed that it was disturbing all birds 
significantly.  The altitude was increased for the remainder of the flight, and the second flight 
was delayed to allow the birds to recover.  

THERMAL IMAGE ANALYSIS 

Examples of the imagery collected during these flights can be found in Figure 2 and Figure 3.  
The imagery depicted several successes and several challenges. In the following figures the 
contrast has been artificially adjusted for visibility.  

The first sUAS nighttime flight on Nov 13th, 2014 was conducted at 7:20 PM, only a 
short time after sunset and only minimally after twilight.  This resulted in poor imagery as seen 
in Figure 2. The ability of the TIR camera to detect and identify birds relies on the temperature 
contrast between the water and the birds.  During the day, the water in the flooded fields will be 
warmed from the sun, and will slowly cool at night. The smaller objects such as vegetation and 
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outside the scope of this project.  In the following section, some observations and correlations 
are presented to guide potential future investigations. 

TEMPERATURE CORRELATIONS 

The temperature contrasts between the birds, water, soil and vegetation are paramount to the 
project’s success.  A sampling of the various temperatures found during the flights as measured 
by the TIR camera can be found in Table 3. The average temperature of positively identified 
objects (typically 3-5 instances per image) was compiled across 10-15 images per flight.  
 
Table 3: Various average temperatures found during sUAS operations. 

Date Flight Ambient 
(F) 

Water 
(F) 

Bird 
(F) 

Soil 
(F) 

Max Day 
Temp (F) 

Bird vs 
Water (F) 

Difference 
(Max-Flight) 

Start Time 

11/16/2014 2 58.0 52.17 51.43 49.25 65.00 -0.74 7.00 6:50 PM 

11/16/2014 3 54.0 49.47 47.97 38.53 65.00 -1.50 11.00 8:30 PM 

11/16/2014 4 45.0 50.49 48.74 46.27 65.00 -1.75 19.00 10:02 PM 

12/18/2014 6 49.0 47.50 46.91 44.86 60.00 -0.59 9.00 11:26 PM 

 
The assumption that bird temperature follows or correlates to the ambient air temperature is not 
validated in the data compiled from the sUAS nighttime flights.  On the other hand, there is a 
strong correlation between bird and water temperature. These results may be indicative of poor 
resolution where pixel mixing between birds and the water may create an artificial correlation.     
 

However, the temperature difference between the birds and water showed a strong 
correlation between the temperature difference of the daytime temperature and the temperature at 
the time of flight (R2 = 0.7749). This matches the assumption that the daytime sun heating up the 
water generates the temperature contrast of the birds on the water and validates the assumption 
that flying later in the night will result in better contrast than early in the evening. 

ANALYSIS    

The temperature correlations found prompt further investigation into the optimal time for thermal 
data collection.  Intuitively, the warmer the day is and the colder the night is, the better the 
temperature contrast between the birds and the water.  However, there does not seem to be a 
strong correlation between ambient air temperature and the bird temperature as was previously 
assumed.   
Additionally, the thermal capacitance of the flooded fields is likely also influenced by the size of 
the pooling of water. The river on either side of the island had a significantly higher temperature 
than the standing water in the pool. It could be assumed that the thermal imagery process of 
detecting birds may not be effective in small areas of water or in areas that do not get significant 
sunlight. 
 

IMPROVING RESOLUTION FOR SPECIES IDENTIFICATION 

Staten Island is host to several species of roosting birds, however, only the roosting population of 
Sandhill Cranes is of interest.  Accurate counts of the cranes require identifying these cranes 

World Environmental and Water Resources Congress 2017 119

© ASCE

 World Environmental and Water Resources Congress 2017 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 M

er
ce

d 
on

 1
0/

21
/1

7.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



 

 

from othe
variety o
informati
Most com
informati

POPULA

To devel
of each 
displayed
Canadian

 
Table 4: Est

Bird Spec

Crane 

Canadian

Small Gee

Tundra Sw
Mallard 
 

Figure 9: S
Canadian G

er species of
of features s
ion available
mmon sourc
ion that can 

ATION DIS

lop a data se
population 

d a significa
n Geese and 

timated Bird Spe

cies 

n Geese 

ese 

wan 

Simulated size of
Geese and Tundr

f birds which
uch as colo
e from the a

ces do not li
be used to id

STRIBUTION

et, a populati
based on so

ant overlap i
Tundra Swa

ecies Characteri

Length P
V

40 – 
46” 

2”

30 – 
43”  

3”

20 – 
25”   

2”

55” 2”
20-26” 1.

f sleeping birds
ra Swans that wi

h may roost 
r and body 
aerial image
ist the size o
dentify param

ON ESTIMA

ion simulatio
ome rough 
in species si
an that will m

istics. 

Population 
Variance 

” 

” 

” 

” 
.5” 

. The estimated 
ll reduce species

 

in the same 
shape for sp

es is a silhou
of a bird in 
meters that c

TION 

on was deve
initial estim
ize distribut
make species

Sleeping len
bill to tail le
50% 

66% 

66% 

62.5% 
87.5% 

simulation disp
s identification a

area.  Wher
pecies ident
uette of the 
a sleeping p
can be used 

eloped that e
mates (Table
tion, especia
s identificati

ngth compare
ength 

plays significant
accuracy. 

reas daylight
tification, th
birds in a s

position, lea
in bird speci

estimated the
e 4). These 
ally amongst
ion difficult 

ed to Sleepi

8-9” 

8” 

7” 

9-12” 
5” 

t overlap betwee

t counts can 
he only sour
sleeping pos
ading to a la
ies identifica

e size distrib
initial estim

t Sandhill C
(Figure 9).

ing Width 

 
en the Sandhill 

 

use a 
rce of 
sition.  
ack of 
ation.   

bution 
mates 

Crane, 

Crane, 

World Environmental and Water Resources Congress 2017 120

© ASCE

 World Environmental and Water Resources Congress 2017 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 M

er
ce

d 
on

 1
0/

21
/1

7.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



 

 

H
the islan
tolerance
Cranes) a
 

RESOLU

There ex
constrain
simulated
Mallard a
at the 1” 

 

Figure 10: S

 
T

a silhoue
resolution
identifica
to positiv
bird widt
 

However, it i
nd.  If the 
e, then the 
and the smal

UTION ANA

xists a narrow
nts may adve
d images we
are simulate
and 2.5” res

Set of simulated 

The relative s
ette in a sleep
n is insuffic
ation of the b
vely identify
th would req

s advantage
abundance 
degree of s
ller birds (sm

ALYSIS ON

w window f
ersely affect
ere generate

ed and rende
solution, they

images of a mal

size differenc
ping position
cient for any
bird species 

y bird specie
quire an even

ous that Tun
of these bi

separation is
maller geese 

N SPECIES I

for species i
t the process
ed: Crane / M
red at 1”, 2.
y become le

llard and a cran

ce between t
n.  The simu

y species ide
in this mann

s.  Bird widt
n higher reso

 

ndra Swans 
irds are con
s more feas
and mallard

IDENTIFIC

identification
s.  To visual
Mallard.  In
5”, 4” and 6
ss distinguis

e at different res

the species o
ulations in th
entification. H
ner is unlike
th may be us
olution to be 

and Canadia
nsidered wi
sible betwee
ds). 

CATION 

n physically
lize the diffe

n Figure 10, 
6”.  While th
shable at the

solutions. 

of birds are n
his section de
However, it
ely unless ad
seful, howev
 useful.   

an Geese are
ithin the ex
en the large

y, however s
ference in re
 a silhouette
hey are clear
e higher reso

not very dist
emonstrate th
t is also app
dditional par
ver, the minu

e not commo
xpected accu
e birds (San

spatial resol
esolution, a s
e of a Crane
rly different 
lutions.  

tinguishable 
hat the curre
arent that pe
rameters are
ute differenc

 

on on 
uracy 
ndhill 

lution 
set of 
e and 
sizes 

from 
ent 6” 
erfect 

e used 
ces in 

World Environmental and Water Resources Congress 2017 121

© ASCE

 World Environmental and Water Resources Congress 2017 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 M

er
ce

d 
on

 1
0/

21
/1

7.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



  

 
 

BEST PRACTICES AND LESSONS LEARNED 

Despite the difficulty of species identification, there were many successes behind the project.  
The project was able to obtain legal authorization for flight operations at night by developing a 
thorough safety case.  Once airborne, the use of a TIR camera to detect roosting birds was 
accomplished with a fixed-wing aircraft.  Though the species were unidentifiable, the work 
uncovered new research potential on optimizing the time of the data collection flight and 
identified new challenges in image processing.  The challenges of the time-varying water 
temperatures, both due to atmospheric change and non-uniform water temperature distribution 
will require additional research to overcome.  Through analysis of the simulated silhouettes of 
the bird species, it is evident that more work is necessary for species identification.   

 
Among the lessons learned: 

• The sUAS must be visible enough to enable an operator to pilot it and visible to other air 
traffic up to 3 statute miles. 

• The sUAS must be able to fly high enough as to not disturb the roosting birds.  In this 
project, birds were disturbed when flying at 400 ft. 

• Data should be collected after the soil has cooled but before the stagnant water cools. 
• The resolution should be sufficient enough to discern large roosting birds from small 

roosting birds, preferably with an ability to generate accurate measurements.   
• The sUAS should be equipped with a TIR camera with a lens with sufficient zoom to 

improve the resolution while still enabling the aircraft to fly above 400 ft. 
 

 

FUTURE RECOMMENDATIONS 

The use of small unmanned aerial systems for the identification of Sandhill Cranes through the 
use of a thermal infrared camera was a challenging project. The desired coverage area was large, 
the birds are relatively small and thermal cameras have a very limited resolution.  There may be 
a place for sUAS to improve the roosting counts for Sandhill Cranes, however, there remains 
much development to be effective and cost efficient. 
Further investigation is needed on 

• The optimal time to collect thermal imagery to provide the highest temperature contrast. 
• Optimizing the balance between spatial resolution, coverage area and flight altitudes. 
• Preventing sUAS from disturbing the roosting birds. 
• Improving microscale object detection in thermal imagery. 
• Developing a bird classifier for thermal imagery. 
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