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The airborne ultraviolet imaging system, which assesses oil slick areas better than visible and infrared optical
systems, was designed to monitor and track oil slicks in coastal regions. A model was built to achieve the upwelling
radiance distribution of oil-covered sea and clean seawater, based on the radiance transfer software. With this
model, the oil–seawater contrast, which affects the detection of oil-covered coastal areas, was obtained. The oil–
seawater contrast, fundamental imaging concept, analog calculation of SNR, optical design, and optomechanical
configuration of the airborne ultraviolet imaging system are illustrated in this paper. The study of an airborne
ultraviolet imaging system with F-number 3.4 and a 40° field of view (FOV) in near ultraviolet channel (0.32–
0.38 μm) was illustrated and better imaging quality was achieved. The ground sample distance (GSD) is from 0.35
to 0.7 m with flight height ranges from 0.5 to 1 km. Comparisons of detailed characteristics of the airborne
ultraviolet imaging system with the corresponding characteristics of previous ultraviolet systems were tabulated,
and these comparisons showed that this system can achieve a wide FOV and a relative high SNR. A virtual
mechanical prototype and tolerances analysis are illustrated in this paper to verify the performance of fabrication
and assembly of the ultraviolet system. © 2015 Optical Society of America

OCIS codes: (040.7190) Ultraviolet; (280.4991) Passive remote sensing; (010.4450) Oceanic optics; (220.3620) Lens system design.
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1. INTRODUCTION

The coastal pollution of China, caused by accidental and illegal
discharge of oil from ships and platforms, has heavily increased
in the past decades and caused serious environmental problems.
External accidents happen without control as the pollutants
dumped into seawater are assumed from the controlled release
by ships and oil production platforms, external accidents can
never be controlled. Therefore, remote sensors are necessary
in this field to monitor regions of oil slicks, together with
artificial measurements to prevent the expansion of marine pol-
lutions. Better performance is needed in spatial and temporal
resolution for oil slick surveillance, which will enable the
airborne remote sensor to be widely applied in coastal disaster
observations. The cost and volume of the airborne remote
sensor play a significant role in oil slick monitoring. Advanced
sensors, such as laser fluorosensors, synthetic aperture radar
(SAR), side-look airborne radar (SLAR), and passive microwave
radiometry, are of high cost, are too large, and are hard to
operate on a specialized aircraft. Thus, highly skilled operators

are necessary [1,2]. In addition, certain adaptability limits of the
advanced techniques become a concern when mapping the oil
slick regions. For example, SAR cannot detect oil slicks when the
wind speed is lower than 1.5 ms−1 or higher than 6 ms−1 [3].
Another challenge for SAR is the discrimination between oil
slicks and look-alikes (e.g., phytoplankton). Furthermore, SAR
imagery is expensive. When the rate of oil slick occurrence is
extremely low, these sophisticated instruments on the airborne
platform are not appropriate. Other optical sensors, such as ultra-
violet, visible, and infrared sensors, are of low cost and whose
installation and operation require no technical skills, while pro-
viding an inexpensive image.

Passive visible (approximately 0.4–0.7 μm) sensors are not
capable of distinguishing oil slicks from the background as oil
has no spectral characteristics in the visible band [4]. A darker
shoreline may be mistaken for an oil slick in the visible channel.
The infrared (primarily in the 8–14 μm wavelength region)
sensor is inexpensive and commonly used for oil slick surveil-
lance. However, the capability of these sensors on thickness

7648 Vol. 54, No. 25 / September 1 2015 / Applied Optics Research Article

1559-128X/15/257648-08$15/0$15.00 © 2015 Optical Society of America

http://dx.doi.org/10.1364/AO.54.007648


detection lies only between 20 and 70 μm, while the ultraviolet
sensor can be applied to monitor oil film at thinner layers
(down to 0.1 μm) [5]. Therefore, polluted areas with thinner
oil films can be assessed successfully by an ultraviolet sensor,
which is a remarkable characteristic in comparison with other
optical sensors. Wagner et al. [6] presented standard infrared
and ultraviolet sensor data and showed that the oil-covered
areas estimated from the ultraviolet image differ by more than
50% from the areas acquired by the thermal infrared channel.
The reason is that very thin films cannot be detected in the
infrared channel. Thermal look-alike radiation (e.g., seaweed,
shorelines, and ships) similar to the radiation from oil slicks
may lead to a false result in the infrared channel. Catoe and
Orthlieb [7] showed that the ultraviolet imagery of part of
all four types of oils used in the Gulf of Mexico experiment
are brighter than the water background, while the darker oil
pollution areas surrounded by the brighter areas can also be
identified from the background. Although sun glint [8] may
result in a false detection for the ultraviolet sensor, the appro-
priate zenithal viewing angle and azimuthal angle from the Sun
can decrease these unfavorable effects and improve the imaging
quality of oil slicks in coastal areas. The ultraviolet sensor can
also distinguish the shoreline, which is an interference source
for visible and infrared sensors, from coastal areas in the case of
misidentification between the oil-covered ocean and the coast-
line. In terms of the above aspects, such as larger detectable
areas, higher oil–water contrast, and less look-alike radiation
influence from the background, ultraviolet sensors are at a more
obvious advantage than visible and infrared sensors. Timely and
effective responses are important and necessary for monitoring
oil slicks. Airborne optical systems, which have advantages of
high spatial resolutions and short revisit periods, can be used
for small- and mid-scale oil pollution. An ultraviolet imaging
system aboard an airborne platform is a passive sensor since it
uses reflected sunlight in the near ultraviolet regions (0.32–
0.38 μm) for oil slick monitoring.

The airborne ultraviolet system can provide access to the
available and relevant oil slick signatures. Previous generations
of ultraviolet imaging systems provide a broad overview of oil
pollution but do not have the necessary SNR and field of view
(FOV). Some ultraviolet systems aboard aircrafts, such as the
HU-25A aircraft [9], the DO 28 D2 surveillance aircraft [10],
the new Cessna 402C aircraft [11], have a relatively low SNR.
The SNR of the ultraviolet line scanner onboard the HU-25A
aircraft is only 17 dB, while the new-style ultraviolet push-
broom camera provides only a 15 deg FOV [12,13]. The
capability of the new-style ultraviolet push-broom camera
aboard airborne systems for oil slick monitoring was examined
by Yin et al. [12,13]. They studied the marine oil slicks in the
Yellow Sea area of China and showed that (a) the oil pollution
detection is available through the near ultraviolet channel and
(b) the images of the green and red bands show little difference
between the oil slick areas and the background. Therefore, the
near ultraviolet (0.32–0.38 μm) camera onboard the airborne
platform can be applied to monitor oil pollution in coastal
areas. The narrow FOV of the optical detection system would
increase flight frequency, cost, and time for oil slick pollution
surveillance. The push-broom camera with a relatively narrow

FOV proposed by Yin would not be economical for detecting
mid-scale oil slick pollution. The low signal returned from the
oil-polluted areas of the ultraviolet camera would decrease
imagery quality, and limited coverage of the ultraviolet camera
would increase flight costs. Therefore, an ultraviolet imaging
system with a wider FOV and a higher SNR was conceived
in this paper for the mid- and small-scale oil slick monitoring.

2. SYSTEM CONSIDERATION

A. Oil–Seawater Contrast
Oil in the sea can be detected by optical remote sensors due
to the oil–water contrast between the oil-covered ocean and
the background ocean. Visibility of oil in seawater depends
on the oil–seawater spectral contrast, which is defined as the
difference in measured upwelling radiance between the oil-
covered and ocean water [14,15]. The upwelling radiance
Lu�0�; λ; θv;Δφ� [16] is the sum of three main contributions:
the atmospheric path radiance, the reflected sky radiance con-
tribution Lsky-refl�0�; λ; θv;Δφ�, and the water-leaving radiance
Lwl�0�; λ; θv;Δφ�. Generally, the atmospheric path radiance
can be removed from the remote data. Thus, the upwelling
radiance Lu�0�; λ; θv;Δφ� can be expressed as

Lu�0�; λ; θv;Δφ�
� Lsky-refl�0�; λ; θv;Δφ� � Lwl�0�; λ; θv;Δφ�
� rwLsky�0�; λ; θv;Δφ� � Lwl�0�; λ; θv;Δφ�; (1)

where rw is the reflectance of the air–seawater interface or
the air–oil interface, Lsky�0�; λ; θv;Δφ� is the diffuse skylight
radiance, “0�”means the upper interface of air–seawater or air–
oil, λ is the wavelength, θv is the zenithal viewing angle, φv is
the viewing direction relative to the Sun incidence plane, and
Δφ � φs − φv is the difference between the azimuthal viewing
and solar incidence plane.

The oil–water contrast can be expressed as the following
equation, with the overall theoretical assumptions and detailed
derivation described in [7]:

C�0�; λ; θv;Δφ� �
Lou�0�; λ; θv;Δφ� − Lwu �0�; λ; θv;Δφ�

Lwu �0�; λ; θv;Δφ�
;

(2)

where Lwu �0�; λ; θv;Δφ� is the upwelling radiance from clean
seawater and Lou�0�; λ; θv;Δφ� is the upwelling radiance from
oil-covered seawater.

The relationship between viewing geometry and Sun direc-
tion is shown in Fig. 1 [17]. θs is the solar zenith angle and we
assume a solar azimuthal angle of φs � 0, so Δφ � −φv.
Therefore, the azimuthal viewing angle is positive when the
azimuthal viewing plane rotates in the counterclockwise direc-
tion from the solar incidence plane.

The upwelling radiance is concerned with the reflectivity of
the oil-covered sea surface and the sea surface. The dependence
of the sea surface reflectance or oil reflectance, which is not an
inherent optical property of the surface, on sky conditions,
wind speed, solar zenith angle, and viewing geometry is known
[18]. The target region reflectance rw can be calculated and the
detailed derivation process can be seen in [19]. However, the
measured reflectance of the sea surface and diesel fuel in
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the seawater was applied to calculate the upwelling radiance, as
the reflectance of the sea surface and diesel fuel in the seawater
was different with different optical parameters. Fang et al. [20]
sprinkled four kinds of oil slicks above clean seawater in the
laboratory and acquired reflectivity of several kinds of classical
oil slicks on seawater and clean seawater. The reflectance of
diesel fuel and clean seawater is shown in Fig. 2. When the
thickness of the oil is 400 μm, the reflectivity of almost all
of the oil film measured in the laboratory is larger than clean
water in the near ultraviolet region. The absolute value of the
oil–seawater contrast means whether oil in seawater is detect-
able [21]. To simplify the oil–seawater model, it is assumed
that the thickness of the oil slick is 400 μm. For the purpose
of acquiring oil–seawater contrast, reflectivities of the oil-
covered sea surface and ocean surface are necessary.

The minimum reflectivity of diesel fuel is about 0.085, as
shown in Fig. 2. Tang [22] pointed out that there was still a
controversy of reflectance of ocean surface in different sea
conditions. Mobley suggested that the sea surface reflectance
rw ≈ 0.028 is acceptable with wind speed less than 5 ms−1, rea-
sonable viewing geometry, and a clear sky. Although the reflec-
tance of clean water is acquired in the laboratory [20], it was
not applied to calculate the upwelling radiance in this paper, as
the properties, such as sky condition, wind speed, and rough-
ness of the ocean water, are different from that of clean water.
Therefore, a sea surface reflectance of rw ≈ 0.028 is applied to

calculate the upwelling radiance of the sea surface. Mobley [23]
suggested that a viewing direction of θv � 40° from the nadir
and φv � 135° (Δφ � −135°) from the Sun can minimize the
effects of sun glint and nonuniform sky radiance. Therefore, a
model, which is applied to generate upwelling radiance as a
function of wavelength in the remote sensor with a solar zenith
angle of θs � 30°, was established using MODTRAN software
[24] according to the viewing geometry proposed by Mobley.
The 1976 U.S. Standard Atmosphere profiles with an open-
ocean marine aerosol profile in the boundary layer and no
clouds and rain model were used for the calculation of radiance
at a 1 km flight height. Other parameters of this model are
defaults according to the MODTRAN default models and de-
fault values. From the above assumptions and requirements, the
spectral upwelling radiance distribution with different wave-
lengths of clean seawater and diesel-fuel-covered ocean was si-
mulated by MODTRAN software, as shown in Fig. 3.

Figure 4 shows the oil–seawater contrast obtained by Eq. (2)
and the upwelling radiance distribution of seawater and diesel-
covered sea in Fig. 3. As it shows, the diesel–water contrast
varies from a value of 8% to 14.2% with a wavelength range
of 0.32–0.38 μm. The oil spilled on seawater could be detected
easily by an ultraviolet airborne remote sensor with relatively
large spectral contrast. Integrated total radiance L0 acquired
by MODTRAN software is significant in calculating the
SNR of the optical sensor at a height of 0.5–1 km above
oil-polluted coastal areas.

Fig. 1. Geometry positions of the remote sensor and Sun.

Fig. 2. Reflectivity of a calm, flat seawater surface and diesel fuel
spilled on seawater under laboratory conditions with a viewing direc-
tion of θv � 40° from the nadir and a solar zenith angle of θs � 30° in
a clear sky case in summer [20].

Fig. 3. Upwelling radiance distribution of seawater and diesel fuel
spilled on seawater simulated by MODTRAN with the viewing direc-
tion of θv � 40°, φv � 135° and a light incidence angle of θs � 30°.

Fig. 4. Diesel–seawater spectral contrast as a function of wave-
length, where the thickness of the diesel fuel film is 400 μm.
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B. Imaging Concept
An ultraviolet imaging system concept was designed and its im-
aging process is shown in Fig. 5. The camera is a “push-broom”
imaging system which draws an oil film image as the aircraft
flies over oil-covered coastal areas. Light is reflected by the
oil-covered sea surface and filtered by the near ultraviolet filter
in front of the system. The reflected light enters the designed
ultraviolet lens and is received by a linear charge-coupled device
(CCD) array. The CCD reads the reflected, filtered light peri-
odically at a rate proportional to the aircraft’s ground speed and
yields a sequence of one-dimensional data frames. The results of
the oil slick data, the global position system (GPS) information,
and the geographical information system (GIS) data are trans-
ferred to the workstation after each image swath is collected.
Images of oil slicks, GPS information, and GIS data in coastal
areas were achieved by this ultraviolet push-broom imaging
system and urgent action would be taken to curb the rapid
expansion of the oil slicks in oil-polluted areas.

3. OPTICAL DESIGN AND OPTOMECHANICAL
MODEL

A. Signal-to-Noise Ratio
High spatial resolution and temporal resolution in oil slick sur-
veillance are necessary to acquire the oil-covered regions imagery
in a timely and precise manor. Considering the previously stated
requirements in Section 1, it is obvious that the FOV of the
system must be wide enough to cover relevant oil-covered re-
gions during every flight. To minimize the total axial length and
weight of the ultraviolet imaging system and achieve the optical
characteristics like the ground sample distance (GSD), the ef-
fective focal length is set to 34 mm. On the other hand, the
higher SNR must also be considered, as it enables the ultraviolet
system to distinguish oil slicks from the surrounding water.
The SNR is determined by many parameters such as the quan-
tum efficiency of the CCD, the transmittance of the lens and
optical filters, the atmosphere transmittance, and the collection

Fig. 5. General flow chart for mapping the oil slick regions using the ultraviolet push-broom imaging system.
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aperture. In order to achieve a higher SNR for the ultraviolet
imaging system with bandwidth ranges from 0.32 to 0.38 μm,
antireflection coatings technology for the optical elements are
necessary, as this technology can improve the transmittance
of this optical system [25]. A bandpass filter UV-2 with a mini-
mum transmittance of 50% from 0.32 to 0.38 μm made by the
Guoguang Corporation was chosen in this imaging system to
hinder the extra light, except for the near ultraviolet channel
entering the optical system, which can reduce stray light enter-
ing the ultraviolet imaging system. As is shown in Fig. 6(a) [26],
the optical filter is located in front of the designed lens to
reduce the stray light. A back-thinned linear CCD image sensor
[Fig. 6(b)] [27] was made for line scan cameras by the
Hamamatsu Corporation in May of 2014. It has a single pixel
size of 24 × 24 μm and is available in pixel formats of 1024 × 4
pixels. These characteristics, such as high spectral response, low
readout noise, and low dark current in the ultraviolet channel,
make it possible to acquire oil slick images by airborne ultravio-
let imaging systems.

The SNR [28] is defined as the ratio of signal power to noise
power. The general equation for the SNR is

SNR � Se
N e

� Seffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Se � σ2R � De

p ; (3)

where Se is number of signal electrons, Ne is number of noise
electrons, σR is the readout noise (σR � 100 e−rms), and De is
the dark current (De � 1000 e−∕pixel∕s).

The number of signal electrons within the integrated period
is expressed as the following equation:

Se �
πAd t int
4F 2hv

Z
λ
Lλτa�λ�τ0�λ�η�λ�dλ; (4)

where Ad is area of a single pixel, t int is the integration time, F is
the F -number, h is Planck’s constant, ν is the frequency, Lλ is
the equivalent input spectral radiance, τα�λ� is the transmit-
tance of the atmosphere, τ0�λ� is the transmittance of the
optical lens, and η�λ� is the quantum efficiency.

To simplify calculation of the SNR, Eq. (4) can be expressed
as

Se �
πAd t int
4F 2hv

L0τ0η0; (5)

where L0 � LΔλτα is the integrated total radiance at the en-
trance pupil. In this paper, to simplify the calculation of the
SNR, τα, τ0, and η0 are the minimum transmittance of the
atmosphere, the minimum transmittance of the optical-
camera-included optical filter, and the minimum quantum ef-
ficiency, respectively. The specific portion values used to calcu-
late the SNR are listed as below: t int � 0.015 s, τ0 � 0.5,
η0 � 0.45, Ad � 24 μm × 24 μm. Based on Eqs. (3) and
(5), the integrated total radiance L0, and the specific values
listed above, the SNR was calculated and is summarized in
Table 1 in Section 3.B.

B. Design Specifications and Description
According to certain concerns stated in Sections 1 and 3.A, the
design specifications of previous sensors and this sensor are
summarized in Table 1. The comparison shows that this
present design summarized in Table 1 provides an improve-
ment in the FOV and a much higher SNR than the ultraviolet
line scanner, while the new-style push broom ultraviolet camera
provides a narrow FOV. The GSD of the system varies from
0.35 to 0.7 m with flight height ranges from 0.5 to 1 km, which
can meet the demands for oil slick surveillance. This ultraviolet
imaging system designed by ZEMAX optical software [29]
comprises seven elements, as shown in Fig. 7. This is an f/
3.4 optical system with an effective focal length of 34 mm
and with a less than 10.7 μm spot size across the entire image
plane for a �20 deg FOV. As is shown in Fig. 7, this camera
was designed around a common optical axis for easy fabrication
and alignment. The separations between different elements are
designed to provide adequate mechanical clearances for baffles

Fig. 6. (a) Transmission spectrum of the UV-2 filters as a function
of wavelength. (b) Quantum efficiency of the back-thinned CCD
S9037-1002 at 25°C.

Table 1. Comparison of Specifications

Present
Design

Ultraviolet Line
Scanner Aboard
the HU-25A
Aircraft [9]

New-Style
Push-Broom
Ultraviolet

Camera [12,13]

Spectral
range (μm)

0.32–0.38 0.32–0.4 0.3–0.37

Cross track
FOV (deg)

40 Not stated 15

F-number 3.4 Not stated 2.1
Effective focal
length (mm)

34 Not stated 100

Detector
angular
resolution
(mrad)

0.7 5 0.5

SNR 380 (a clear
sky case)

17 dB ≥1000
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and to balance the comatic and astigmatic aberrations of the
system. Surfaces of the seven elements are spherical and the
total axial length of this optical layout is about 45 mm.
Materials of the optical elements are fused silicon and calcium
fluoride (CaF2).

The modulation transfer function (MTF) represents the
image performance of an imaging system, and we propose the
MTF response of the designed lens at a wavelength of 0.35 μm
in Fig. 8(a). The MTF at the full FOV exceeds 0.60 when the
corresponding spatial frequency is 22 lp/mm. The ratio of the
image achieved by this ultraviolet imaging system contrast to oil
slick areas contrast is higher, and the pollution area is identified
and detected better. The relative illumination (RI) is applied to
evaluate the brightness over a 40° FOV. If the relative illumi-
nation of different FOV is identical, the brightness of the
imagery over the full FOV shows no difference for a region
polluted by oil uniformly, which would make it distinguish

oil slicks from the background easily and decrease the influence
of misidentification. That is to make the illumination of
different FOV as uniform as possible. However, it is clear that
keeping uniform illumination over a full FOV is very difficult.
The performance of relative illumination of the system is shown
in Fig. 8(b). It is clear that the RI is nearly equal to 0.80 at its
maximum FOV. Generally speaking, how to balance the MTF
and RI during the optical design process is a dilemma. The
higher the RI is, the more harmful rays pass through the edge
of the image. These harmful rays degrade the systematic MTF
seriously, especially for the edge FOV and high spatial frequen-
cies. In this design, we achieved a balance between the RI
performance and the MTF performance, especially for the mar-
ginal field. Figure 9 is the spot diagram of the whole semi-FOV
of this lens. The maximum root mean square (RMS) diameter
is about one single pixel size (24 μm) over a full FOV.

The optical distortion is a shape-dependent aberration. The
shape and bending factors of the lens are commonly applied to
balance the optical distortion at a low level, as shown in Fig. 10
(right). The distortion of the design is controlled in the ranges
from 0% to 0.25%. Furthermore, the field curvature (Fig. 10,
left) is relative to the Petzval sum. Basically, to reduce the
Petzval sum, a lens with high refractive index material should
be separated. Also, lens separation reduces spherical aberration.
The field curvature of this lens is difficult to correct because the
refractive index of fused silicon and CaF2 shows little difference
at the same time the FOV is relatively wider. The maximal
value of field curvature is about 0.3 mm. In short, all aberra-
tions are well controlled for this designed lens [30].

C. Performance Modeling
The mechanical configuration of the imaging system was de-
veloped to check for any potential fabrication and integration
problems prior to fabrication. Figure 11 shows a perspective
view of this model of the system. The proposed model has a
miniature structure with a total length of 59.1 mm and 65.4 g
weight. Thus, it is appropriate as an appliance of this ultraviolet
imaging system on the airborne platform. A tolerance analysis

Fig. 7. Optical layout of the ultraviolet lens.

Fig. 8. MTF and RI of the designed ultraviolet lens. (a) MTF versus
spatial frequency (T, tangential direction; S, sagittal direction; Deg,
degree). (b) RI as a function of different FOV. Fig. 9. Spot diagrams through different FOV.
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was performed to check the ability of fabrication. If the mod-
erate tolerances for the surface sag, tilts, decenters, and axial
spacing for the ultraviolet system are 20 μm in general, the
sensitivity analysis results showed that the estimated average
MTF exceeds 0.34 over the full FOV. The results of this
tolerance analysis showed that the system performance can
be achieved easily with moderate tolerances for the fabrication
and assembly. As a result of the moderate tolerance require-
ments and smaller number of parts, the cost of this ultraviolet
camera will be much lower than the cost of a conventional
ultraviolet camera.

4. FUTURE PLAN

This ultraviolet imaging camera will be applied for the detec-
tion/surveillance of oil slick pollution. The proposed efforts in
the future follow a typical development flow: sensor design and
manufacturing, performance testing, environmental testing,
calibration, data capture, and flight testing. The optomechan-
ical assembly is implemented as soon as the ultraviolet lens and
mechanical elements are manufactured. Performance testing is
applied to verify its design specifications, and environmental
testing is also applied to verify its mechanical properties
at external extreme climates. Signal and noise measurements
are performed at the specified reference radiance. An accurate
wavelength calibration is essential for the retrieval of oil-covered

surface reflectance. The ultraviolet imaging system flight testing
is planned for autumn 2016, and the corresponding oil slick
data are obtained to evaluate the polluted coastal areas. For
a specific application, detailed consideration of the ultraviolet
system will be implemented and evaluated in the future to meet
the demands of oil slick monitoring appliances.

5. CONCLUSIONS

A passive airborne ultraviolet imaging system with a wide FOV
and a relatively high SNR, together with oil–seawater contrast,
a system concept, calculation of the SNR, comparison of spec-
ifications, an optical design, and an optomechanical model
were illustrated. The oil above the sea surface can be detected
due to a large oil–seawater contrast in a certain wavelength re-
gion, especially for the near ultraviolet region, which is major
evidence for oil slick surveillance. Furthermore, the oil-covered
coastal areas can be assessed better by the near ultraviolet re-
mote sensor than other optical remote sensors. Also, the ultra-
violet imaging system can distinguish the dark coastline from
the oil-covered sea surface in coastal regions.

High imaging quality of a wide 40° FOV optical system is
difficult to achieve because the high-order aberration increases
greatly with the growth of the FOV. The MTF of this ultra-
violet system exceeds 0.6 when the spatial frequency is 22 lp/
mm and the spot diagram diameter is prior to a single pixel size.
The GSD of the system varies from 0.35 to 0.7 m with flight
height ranges from 0.5 to 1 km, which can meet the demands
for oil slick surveillance. In order to reduce the influence of
sun glint and nonuniform sky radiance, the viewing geometry
of the ultraviolet imaging system aboard the airborne platform
is also considered. The model of integrated total radiance by
MODTRAN software determines the SNR of the ultraviolet
imaging system, and the SNR is 380 for a clear sky case. The
miniature structure of the optomechanical model with a total
length of 59.1 mm and a weight of 65.4 g make installation
possible on the small size airborne system, and the tolerance
analysis results showed that the system performance can be
achieved easily for the fabrication and assembly.
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