
A P P L I C A T I O N  N O T E

INFRASTRUCTURE INSPECTION AND CORROSION DETECTION 
Hyperspectral data and imagery can be acquired from the air or on the ground 

for remote detection of material degradation

Headwal l  provides commercial-of f- the-shelf 
(COTS) as wel l  as  customized hyperspectral 
imaging (HSI)  sensors and turnkey solut ions 
designed for  remote sensing over a wide 
area,  and range across the v is ible and near-
infrared spectrum.

Headwal l  HSI  sensors can be used for 
appl icat ions such as detect ion of :

• Asphalt  degradat ion

• Corrosion of  var ious polymers

• Oxidat ion of  ferrous metals

• Paint  condit ion

• Vegetat ion encroachment

• Water pool ing or  the presence of
excess moisture

MATERIAL DEGRADATION & 
CORROSION IS A SIGNIFICANT 
PROBLEM 

Al l  materials  degrade over t ime,  and when 
those materials  provide structural  integr i ty 
for  infrastructure such as bui ldings,  dams, 
towers,  br idges,  rai l ,  and roads,  or  provide 
energy del ivery  in the form of  pipel ines and 
electr ical  l ines,  ear ly  detect ion can save 
l ives,  as  wel l  as  money.

According to a comprehensive study,  direct 
costs  total  nearly  $138 bi l l ion dol lars  and 
indirect  costs  associated with corrosion 
total  more than $275 bi l l ion dol lars  per 
year. 1 These increased over t ime.

Convent ional  methods of  on-si te test ing 
can be labor- intensive and provide only  a 
g l impse of  a  wide area.  The hope is  that  one 
smal l  area accurately  represents  a much 
larger area that  cannot be economical ly 
tested in the same way.

Figure 1. In studies undertaken by independent 
agencies, the direct cost of corrosion in the US 
commercial, residential and transportation 
sectors has been estimated to be nearly $138 
billion dollars per  year. Graphic courtesy US 
Department of Transportation.

Figure 2. Hyperspectral imaging (HSI) can provide infrastructure owners and operators with 
the capability to detect material degradation, ideally before the material has been severely 
compromised. Using unmanned aerial platforms can avert the use of costly and potentially 
dangerous manned aircraft operations. The lower set of 3 images from a recent study show the 
spectral characteristics of steel samples using HSI techniques across the VNIR and SWIR ranges.2

In addit ional  to hyperspectral  imaging, 
Headwal l  of fers  the f i rs t  integrated plat form 
with l ight  detect ion and ranging (L iDAR) 
system and HSI  on a l ightweight  unmanned 
drone with data fusion.  So capturing a point 
c loud for  creat ing a high-resolut ion digi ta l 
e levat ion model  (DEM) with hyperspectral 
information about the subject  being 
scanned is  possible,  even s imultaneously.

Unmanned inspect ion has gained tract ion 
amongst  infrastructure owners and 
operators because of  the high cost  of 
manned f l ight  operat ions.  These costs  not 
only  include the operat ing cost ,  but  also 
the insurance cost ,  and potent ial  l iabi l i ty 
for  acc idents.  When tower and power- l ine 
str ikes occur during hel icopter  inspect ion 
f l ights,  the fatal i ty  rate can be over 35%, 
even at  relat ively  low al t i tude. 3
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A P P L I C A T I O N  N O T E
INFRASTRUCTURE INSPECTION AND CORROSION DETECTION

BENEFITS OF HYPERSPECTRAL 
REMOTE SENSING

Whether inspect ing a roadway or  runway, 
t ime-consuming v isual  inspect ion by eye or 
even rol l ing a imaging system over a surface 
to be inspected takes a tremendous amount 
of  t ime.

A low-al t i tude airborne solut ion such as 
Headwal l ’s  Hyperspec ® Nano or Co-Al igned 
VNIR-SWIR sensor payload on a DJ I  Matr ice 
600 Pro UAV can be programmed to fol low a 
precise f l ight  path,  opt imized for  ef f ic iency.

VALUE PROPOSITION
• Advanced detection

• Optimized repair scheduling

• Reduced risk of loss of life

• Reduced liability

• Potential BVLOS operations

Figure 4. Pipelines and power lines and towers are examples of structures subject to aging and 
corrosion due to environmental conditions, as well as the contents that they carry. Time-consuming 
and potentially hazardous visual inspection can be costly and dangerous, and inspection by high-
resolution color (RGB) cameras can miss early warning signs of failure that could be detected using 
hyperspectral imaging.

Figure 3. A Headwall UAV based on the DJI 
Matrice 600 Pro, equipped with a Co-Aligned 
VNIR-SWIR sensor and LiDAR, scans a runway 
with permission at Hartsfield-Jackson Atlanta 
International Airport.

Instead of  shutt ing down a busy runway for 
days for  tedious ground-based inspect ion,  a 
UAV equipped with HSI  and opt ional ly  L iDAR 
can perform an automated inspect ion in just 
a  few hours.

F l ights  can be scheduled quickly  and with 
great ly  reduced operat ional  overhead, 
compared with manned f l ights.  F l ight 
planning and logging,  including the capture 
of  precise GPS data are bui l t - in features of 
the software package,  as wel l  as  fast  of f -
loading of  hyperspectral  and LiDAR data in 
between f l ights.

Headwal l  HSI  sensors come in a var iety  of 
wavelength ranges and form factors,  and 
can also be used for  ground-truth imaging 

to augment airborne imaging.  These 
sensors are robust ,  smal l ,  and l ight ,  making 
transportat ion and setup easy.  V is ible-to-
near- infrared (VNIR) sensors can be used 
to ident i fy  encroachment of  vegetat ion, 
and short-wavelength near- infrared (SWIR) 
sensors can be used to image terrain, 
man-made structures,  and even to ident i fy 
chemical  s ignatures that  can indicate the 
condit ion of  underly ing material .

Benchtop scanning stat ions for  laboratory 
use are also avai lable for  more detai led 
analys is  of  samples gathered in the f ie ld or 
for  material  that  can be scanned to bui ld 
up spectral  “ l ibrar ies”  to be used to enable 
quick detect ion in the f ie ld. 

1 “Corrosion Costs and Preventive Strategies in the United States”, pub no. FHWA-RD-01-156, USDOT
2 “Spectral Analysis Report for IRIS Group”, Headwall Photonics, 2016, used with customer permission
3  “Wire Strike Presentation”, FAA presentation, 2012
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