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RADIATION DETECTION DEVICE WITH DIRECTIONAL RADIATION DETECTOR

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of earlier filed US provisional application no. 62/829,095
filed April 4, 2019 and entitled Radiation Detection Device with Directional Radiation Detector, the

entirety of which is incorporated herein by reference.

FIELD

[0002] In one of its aspects, the present disclosure relates generally to radiation monitoring, and
more particularly, to a vehicle (optionally an aerial vehicle) that includes a directional radiation

detection system.

BACKGROUND

[0003] United States Patent no. 9,244,023 discloses a system for monitoring radiation with a fuel-
based liquid scintillant composition in which the fuel-scintillant composition may serve the dual
purpose of a fuel to power an engine and a scintillator to detect radiation. The system may be

configured to detect weak and/or distant radiation sources.

[0004] United States Patent no. 8,071,948 discloses an aircraft having components of a radiation
detection system integrated into the aircraft structure. The described radiation detection aircraft
uses a scintillator material to form at least one component of the aircraft. The scintillator material
can be coupled to a signal converter, which can be coupled to an accumulator, accumulating the
light signal to determine radiation level. The accumulator may be coupled to a location system so

that the signal may be coordinated to a specific location.

[0005] Similarly, United States Patent no. 8,352,105 discloses an unmanned underwater vehicle
that incorporates a structure having an integral scintillating material for radiation detection. The
described vehicle has at least one structural member incorporating a scintillation material for a
radiation detector and detection electronics connected to the radiation detector for measurement

of the scintillation.

[0006] United States patent publication no. 2016/0018532 discloses a radiation detection device

that is arranged to be physically associated with an unmanned vehicle. The described device
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comprises a data processor that receives position data from a position sensor and radiation data
from a solid state radiation sensor, the position sensor and solid state radiation sensor being
mounted on the unmanned vehicle. The data processor periodically associates the position data

with the radiation data to form combined data, mapping radiation levels at particular locations.

[0007] United States Patent no. 9,261,605 discloses a directional radiation detection apparatus
for measuring both the intensity and direction of a radiation source. The described apparatus
comprises a radiation sensor, an inverse collimator that shields the sensor from at least a portion
of the incident radiation originating from the direction in which the inverse collimator is pointed,

and a means for pointing the inverse collimator in different directions.

SUMMARY

[0008] There are situations where detailed information about radiation in large outdoor areas may
be desired. This may occur for a variety of reasons such as regular monitoring of the environment
around nuclear facilities, environmental monitoring, measurements taken in emergency
conditions, and/or for security and monitoring purposes. In addition to the overall radiation levels
in a given area, more localized information related to the location, extent/distribution, and
magnitude of one or more radiation sources within an area may be of interest. For example, when
surveying a relatively large area it may be desirable to be able to locate one or more relatively

concentrated sources of radiation within the larger area.

[0009] The surveying and/or monitoring of an area may be done in any suitable manner,
including, for example, with fixed sensors and preferably with one or more movable radiation
detectors that can be moved through or around the area to be monitored. Radiation detectors
may be mounted on vehicles to assist with their movement, and the vehicles may be aquatic,
land-based, and/or aerial. In some environments, such as when it is desired to measure radiation
levels across a relatively large, heterogeneous area, the use of flying vehicles may be preferred
as it can reduce the challenges associated with a land-based vehicle traversing rough or blocked
terrain. Flying or aerial vehicles may be manned or unmanned, and may be configured as fixed
wing vehicles, rotary wing vehicles (i.e., helicopters), or other suitable configurations. When
utilizing an aerial vehicle, the weight, overall size, volume, shape, and other mechanical aspects
of the radiation detector design may be relevant design considerations and may have relatively
more impact on the operation of the vehicle than a comparable radiation detector that is used on

a land-based or aquatic (boat or submarine) vehicle.
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[0010] For example, unmanned aerial vehicles (UAVs) offer one potential way to deliver radiation
detectors and measuring equipment in large outdoor spaces. While UAVs can be an effective
delivery method, they can also be limited with respect to the size and weight of the equipment
they can reasonably carry. It may be desirable to have a means of efficiently obtaining airborne
directional radiation measurements using lightweight equipment suitable for small or medium-
sized UAVs. Such size and weight impacts may be relatively more significant when utilizing a
relatively small UAV, as compared to utilizing a similar radiation detector on a relatively larger
aircraft (such as a C-130 Hercules or the like), as the mass and size of the radiation detection

apparatus may constitute a larger relative percent of the overall vehicle mass and size.

[0011] Non-directional radiation measuring can be understood to be based on using devices that
can provide information regarding the strength of the radiation field at a given measurement
point/location but that do not provide information regarding the location of the radiation source
relative to the measurement point/location. Such directional information can be useful in some
circumstances such as when trying to understand conditions and hazards, as the radiation level

can be generally dependent on proximity to the radiation source.

[0012] One method of determining radiation conditions within a specific target area is to survey
the area using a pre-determined vehicle pattern, such as a grid pattern. Performing a full grid
radiation survey over an area of interest can provide detailed information regarding the presence
of radiation sources and the related radiation fields within the area. However, this can be time
consuming and inefficient, especially over large areas. This may be particularly limiting in
applications using electrically powered UAV delivery, where available flight times may be limited
as compared to conventional aircraft. Furthermore, this method may not work well under changing

conditions.

[0013] A survey can also be conducted by comparing the relative magnitudes and positions of
radiation measurements and using this information to guide subsequent measurements.
However, this technique can be prone to error, particularly if the radiation source is complex in
nature. In addition, like the full grid radiation survey method, this technique may require a large
number of measurement points to effectively define the radiation source and to confirm where no

source is present. It also may not work well under changing conditions.

[0014] In contrast to methods using non-directional radiation detectors, an alternative approach

can utilize vehicle-mounted directional radiation detectors — that is detectors that are strategically
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designed and utilize purposefully-positioned shielding to provide information regarding both the
magnitude and the direction of a sensed radiation source. The shielding may take different forms,
but in general can be understood to refer to the design of the apparatus to position a suitable
shielding material between a radiation source and an associated detector, so that the shielding
material can effectively block some radiation originating in a first direction from reaching the
detector while allowing radiation originating from a different second direction to reach the detector
for sensing/measurement. One example of such shielding can be designed with an opening that
functions as a radiation inlet and allows radiation to reach the detector from a pre-defined
direction. This arrangement can be called “collimated shielding”. With collimated shielding, the
radiation measurements from a detector can provide both magnitude and originating direction of
the sensed radiation. A survey using collimated shielding can use the directional information to
guide subsequent measurements. This may make surveying techniques relatively more effective
and efficient as compared to using a non-directional detector. However, the use of collimated
shielding can add complexity to the physical design of the detector and may tend to increase the
size and weight of the required equipment (as material having the desired radiation shielding
properties tends to be relatively dense). For portable systems, the added weight and size may
make movement and maneuverability more difficult. This may be of relevance for UAV delivery,
where adding weight for radiation shielding in addition to the operating components of the UAV

itself may reduce the available flight time or make UAV delivery impractical.

[0015] A variation of collimated shielding, referred to as inverse collimation, is one in which
shielding material is provided in only a limited area around the detector. This shielding is moved
relative to the detector while readings of both the radiation magnitude and shielding position are
recorded. The lowest radiation reading generally corresponds to when the shielding material is
aligned between the detector and the radiation source. Inverse collimation can reduce the amount
of shielding required as compared to standard collimation. However, the equipment required for
inverse collimation can be more complex than a basic detector, as it can require the shielding, a
drive system, and a means to control and track the shielding position versus the radiation
measurement. Inverse collimation also requires processing of the data to invert it. In addition, the

use of inverse collimation may be difficult when the radiation source is complex.

[0016] Other variations in the use of radiation detection equipment exist, such as simultaneously
using multiple detectors, multiple shielded detectors, or using scattering techniques where

individual radiation events are tracked between two adjacent detectors using time. However,
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systems that use multiple detectors are typically more complex, costly, and are of a larger size

and weight than single detector systems.

[0017] Despite the advances made to date in the development of radiation detection devices,
there is room for improvement to address the above-mentioned problems and shortcomings of

the prior art.

[0018] Examples of a portable remotely-delivered directional radiation detector described herein
are configured to take advantage of the possible radiation-blocking properties of some portions
of a vehicle-adapted system and to repurpose such components to perform two or more functions
in the system, which may include optimization of various components. Examples of components
that may make up a radiation detector sensor package or system may include one or more
radiation sensors, a microprocessor with data storage, position sensors, a radio transceiver,
shielding, and a housing. The size and weight of each component is preferably balanced to
maximize performance and efficiency while minimizing total weight of the apparatus. Weight can
be a significant consideration when designing a portable, remotely-delivered directional radiation
detector. For example, added weight can result in shortened available flight times when using a
UAV delivery method and may even make remote delivery impractical. For radiation detection, an
additional consideration is that detector sensitivity and efficiency can be directly proportional to
the size of the detector. A larger detector may be able to measure radiation more quickly and
accurately than a smaller detector of the same type. Therefore, reducing the size and weight of
each component in the detector package, while still providing a desired functionality and

performance, can be an important consideration.

[0019] There may be one or more aspects of the teachings described herein that may help
obviate or mitigate at least one of the above-mentioned disadvantages of the prior art, and to

provide a novel radiation detection vehicle and a novel directional radiation detection system.

[0020] The teachings described herein may, in one broad aspect, relate to a radiation detection
vehicle, the radiation detection vehicle may include (a) a body; (b) a motor supported by the body
and configured to propel the vehicle; (c) at least a first power source connectable to the body and
configured to provide power to the vehicle. A directional radiation detection system supported by
the body may include (i) a radiation detector configured to detect incident radiation; and (ii) a

directional shielding assembly configured to partially shield the radiation detector by preventing a
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portion of the incident radiation originating from a first incident direction from reaching the

radiation detector, the directional shielding assembly may include the first power source.

[0021] The first power source may provide power to at least one of the motor for driving the motor

to propel the vehicle and the directional radiation detection system.

[0022] The first power source may include between about 5% and about 25% of the mass of the

vehicle.

[0023] The first power source may be the only source of power to the motor.

[0024] The first power source may be the only source of power to the vehicle.

[0025] The first power source may include at least a first battery and a second battery.

[0026] At least one of the first battery and the second battery may be detachably connected to
the body.

[0027] The at least one of the first battery and the second battery that is detachably connected
to the body may be detachable independently of the other one of the first battery and the second

battery.

[0028] The at least one of the first battery and the second battery that is detachably connected

to the body may be detachable while the radiation detector remains connected to the body.

[0029] A third battery may be connectable to the body in place of the at least one of the first
battery and the second battery that is detachably connected to the body while the other of the at
least one of the first battery and the second battery remains connected to the body. When the
third battery is connected to the body, the directional shielding assembly may include the third

battery.

[0030] The directional shielding assembly may be configured as a collimator having a radiation
inlet that allows incident radiation passing through the radiation inlet to reach the radiation
detector and that shields the radiation detector by attenuating incident radiation that passes

through the first power source and does not pass through the radiation inlet.



CA 03135657 2021-09-30

WO 2020/198877 PCT/CA2020/050446

[0031] The directional shielding assembly extends along a collimator axis, and the radiation
detector is at one end of the collimator and the radiation inlet comprises a lateral portion that is

axially opposite the radiation detector.

[0032] The lateral portion may extend in a plane that is transverse the collimator axis. The
directional shielding assembly may laterally surround the collimator axis thereby blocking incident

radiation that does not travel through the lateral portion.

[0033] The vehicle may have a front side, an opposing rear side, and left and right sides. The first
battery may be disposed toward the front side, the second battery may be disposed toward the
rear side, and the directional shielding assembly may include a third battery disposed toward the
left side and a fourth battery disposed toward the right side, and wherein the first, second, third,

and fourth batteries co-operate to laterally surround the collimator axis.

[0034] The directional shielding assembly may only partially laterally surround the collimator axis
and the radiation inlet may include an axial portion lying in a plane that is generally parallel to the
collimator axis, extends axially from the lateral portion and may be defined by a gap in the
directional radiation shielding assembly. The directional shielding assembly may block incident
radiation that does not travel through at least one of the lateral portion and the axial portion of the

radiation inlet.

[0035] The directional shielding assembly may be configured as an inverse collimator in which
the first power source may be configured as a blocking member that may be movable relative to
the radiation detector and that shields the radiation detector by attenuating incident radiation

originating from a direction in which the blocking member is pointed.

[0036] The vehicle may be an aerial vehicle and the body may have an upper side and an
opposed lower side generally facing the ground when the aerial vehicle is in flight. The directional
radiation detection system may be provided on the lower side and may be generally downwardly

facing.

[0037] The radiation may be proximate the lower side and and may face the ground and the
directional shielding assembly may extend away from the lower side and below the radiation

detector when the aerial vehicle is in flight.

[0038] The vehicle may include an unmanned aerial drone.
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[0039] The directional radiation detection system may contain a center of gravity of the vehicle.

[0100] The vehicle may also include a sensor system to monitor an instantaneous position of the
vehicle when in use and a controller operable to associate an instantaneous directional radiation

measurement with the instantaneous position of the vehicle.

[0040] The radiation detector may include a solid state material that emits an electrical signal in
response to the incident radiation or a scintillating material that emits light in response to incident

radiation.

[0041] The teachings described herein may, in another broad aspect, relate to a directional
radiation detection system for use in combination with a vehicle, the directional radiation detection
system including: (a) a radiation detector configured to detect incident radiation; and (b) a
directional shielding assembly configured to partially shield the radiation detector by preventing a
portion of the incident radiation originating from a first incident direction from reaching the
radiation detector. The directional shielding assembly may include at least a first power source

that is configured to provide power to the vehicle.

[0042] Other aspects of the teachings described herein, which may be used in combination with
any other aspect, including the two broad aspects listed above, may include that the first power
source may provide power to at least one of the motor for driving the motor to propel the vehicle

and the directional radiation detection system.

[0043] The first power source may include between about 5% and about 25% of the mass of the

vehicle.

[0044] The first power source may be the only source of power to the motor.

[0045] The first power source may be the only source of power to the vehicle.

[0046] The first power source may include at least a first battery and a second battery.

[0047] At least one of the first battery and the second battery may be detachably connected to
the body.

[0048] The at least one of the first battery and the second battery that may be detachably
connected to the body may be detachable independently of the other one of the first battery and

the second battery.
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[0049] The at least one of the first battery and the second battery that may be detachably
connected to the body may be detachable while the radiation detector remains connected to the
body.

[0050] There may be a third battery that may be connectable to the body in place of the at least
one of the first battery and the second battery that may be detachably connected to the body while
the other of the at least one of the first battery and the second battery remains connected to the
body. When the third battery is connected to the body, the directional shielding assembly may
include the third battery.

[0051] The directional shielding assembly may be configured as a collimator having a radiation
inlet that allows incident radiation passing through the radiation inlet to reach the radiation
detector and that shields the radiation detector by attenuating incident radiation that passes

through the first power source and does not pass through the radiation inlet.

[0052] The directional shielding assembly may extend along a collimator axis, with the radiation
detector at one end of the collimator and the radiation inlet may include a lateral portion that may

be axially opposite the radiation detector.

[0053] The lateral portion may extend in a plane that is transverse the collimator axis. The
directional shielding assembly may laterally surround the collimator axis thereby blocking incident

radiation that does not travel through the lateral portion.

[0054] The vehicle may have a front side, an opposing rear side, and left and right sides. The first
battery may be disposed toward the front side, the second battery may be disposed toward the
rear side, and the directional shielding assembly may include a third battery disposed toward the
left side and fourth battery disposed toward the right side. The first, second, third, and fourth

batteries may co-operate to laterally surround the collimator axis.

[0055] The directional shielding assembly may only partially laterally surround the collimator axis.
The radiation inlet may include an axial portion lying in a plane that is generally parallel to the
collimator axis, extending axially from the lateral portion and being defined by a gap in directional
radiation shielding assembly. The directional shielding assembly may block incident radiation that

does not travel through at least one of the lateral portion and the axial portion of the radiation inlet.

[0056] The directional shielding assembly may be configured as an inverse collimator in which

the first power source may be configured as a blocking member that may be movable relative to

9
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the radiation detector and that may shield the radiation detector by attenuating incident radiation

originating from a direction in which the blocking member is pointed.

[0057] The vehicle may be an aerial vehicle. The body may have an upper side and an opposed
lower side generally facing the ground when the aerial vehicle is in flight. A directional radiation

detection system may be provided on the lower side and may be generally downwardly facing.

[0058] The radiation detector may be proximate the lower side and may face the ground. The
directional shielding assembly may extend away from the lower side and below the radiation

detector when the aerial vehicle is in flight.
[0059] The vehicle may include an unmanned aerial drone.
[0060] The directional radiation detection system may contain a center of gravity of the vehicle.

[0061] The vehicle may further include a sensor system to monitor an instantaneous position of
the vehicle when in use. The vehicle may also further include a controller operable to associate
an instantaneous directional radiation measurement with the instantaneous position of the
vehicle. For example, a GPS system may be used to provide X and Y’ positions of the vehicle
and an altimeter may be used to determine the height of an aerial vehicle. It may be generally
assumed that the vehicle is nominally upright, so the rotary positions about the X and Y axes can
be assumed to be substantially fixed. The rotary position about a generally vertical “Z” axis can
then be used to help determine the direction the vehicle is facing. This can be monitored using

any suitable apparatus, such as electronic compass or magnetometer.

[0062] The radiation detector may include a solid-state material that emits an electrical signal in
response to the incident radiation or a scintillating material that emits light in response to incident

radiation.

[0063] The vehicle may include a body and a motor supported by the body. The motor may be
configured to propel the vehicle. The at least first power source may be configured to provide

power to the motor to propel the vehicle when in use.

[0064] Thus, the teachings described herein involves a directional radiation detection system for
use in combination with a vehicle and a radiation detection vehicle that can include the same. The
directional radiation detection system may include a radiation detector and a directional shielding

assembly. The directional shielding assembly may include at least a first power source configured

10
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to provide power to the vehicle. The use of a power source as shielding allows for the utilization
of shielding without a net weight penalty for carrying additional mass, as the power source is
already required as part of the vehicle. This multi-purposed material approach may allow for an
efficient, lightweight, highly portable means for obtaining directional radiation measurements,
thereby increasing the feasibility and efficiency of using shielding in vehicle-delivered radiation
sensing. This may be particularly true for directional radiation monitoring using small and medium
sized UAVSs, as opposed to that using a large vehicle (such as a large UAV), a helicopter, or a
ground-based vehicle for delivery of a radiation detection device. Due to their high portability, the
present directional radiation detection system and radiation detection vehicle are believed to have
application in regular monitoring around nuclear facilities, nuclear emergency response, military

applications, environmental monitoring, security, and the like.

[0065] To the knowledge of the inventor, a radiation detection vehicle and a directional radiation

detection system with such a combination of features is heretofore unknown.

[0066] Other advantages of the invention will become apparent to those of skill in the art upon

reviewing the present specification.

BRIEF DESCRIPTION OF THE DRAWIN

[0067] Embodiments of the present invention will be described with reference to the

accompanying drawings, wherein like reference numerals denote like parts, and in which:
Figure 1 is an isometric view of a typical unmanned aerial vehicle,
Figure 2 is a front view of the unmanned aerial vehicle of Figure 1;

Figure 3 is a front view of the unmanned aerial vehicle of Figure 1, onto which a radiation

detector has been mounted;

Figure 4 is a bottom view of one example of a radiation detection vehicle with a directional

radiation detection system;

Figure 5 is a front view of the radiation detection vehicle of Figure 4, taken along line A-

A, wherein a partial cross-section of the radiation detection system is shown;

11
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Figure 6 is a side view of the radiation detection vehicle of Figure 4, taken along line B-B,

wherein a partial cross-section of the radiation detection system is shown;

Figure 7 is a bottom view of another example of a radiation detection vehicle with a

directional radiation detection system;

Figure 8 is a front view of the radiation detection vehicle of Figure 7, taken along line C-

C, wherein a partial cross-section of the radiation detection system is shown;

Figure 9 is a side view of the radiation detection vehicle of Figure 7, taken along line D-D,

wherein a partial cross-section of the radiation detection system is shown;

Figure 10 is a bottom view of another example of a radiation detection vehicle with an

inverse collimator radiation detection system;

Figure 11 is a front view of the radiation detection vehicle of Figure 10, taken along line
E-E; and

Figure 12 is a front view of the radiation detection vehicle of Figure 7, taken along line E-
E, wherein a partial cross-section of the radiation detection system is shown and three arms

(2114a, b, f) have been omitted for clarity.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0068] Various apparatuses or processes will be described below to provide an example of an
embodiment of each claimed invention. No embodiment described below limits any claimed
invention and any claimed invention may cover processes or apparatuses that differ from those
described below. The claimed inventions are not limited to apparatuses or processes having all
of the features of any one apparatus or process described below or to features common to multiple
or all of the apparatuses described below. It is possible that an apparatus or process described
below is not an embodiment of any claimed invention. Any invention disclosed in an apparatus or
process described below that is not claimed in this document may be the subject matter of another
protective instrument, for example, a continuing patent application, and the applicants, inventors
or owners do not intend to abandon, disclaim, or dedicate to the public any such invention by its

disclosure in this document.
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[0069] Radiation detection devices can be used to monitor and detect sources of radiation. In
addition to radiation levels, such devices may also provide information relating to the location,

extent, and magnitude of radiation sources that may be of interest.

[0070] UAVs offer one way in which radiation measuring equipment can be delivered in large

spaces, and particularly in large outdoor spaces.

[0071] Figures 1 and 2 are representations of one example of a typical UAV. The illustrated UAV
1 has a body 5, a series of propellers 10, and a set of landing gear 15. Batteries 20 are mounted
directly below the body 5. The batteries 20 are of a standard configuration and are used to provide
electrical power to the UAV 1, for example to power the propellers 10 along with other onboard
systems (control, navigation, etc.). In this example, the batteries 20 provide all the power to the
UAV 1.

[0072] Figure 3 is an example of an adaptation of the UAV illustrated in Figures 1 and 2 for use
in radiation detection activities. In this arrangement, a radiation detector is mounted to the UAV
and in this example, the radiation detector 25 is mounted to the bottom of the UAV 1, directly
below the batteries 20. As can be seen in Figure 3, the radiation detector does not have directional
shielding surrounding it and is therefore sensitive to radiation from any direction below the UAV
1. This arrangement would provide non-directional radiation sensing capabilities. If directional
radiation sensing were desired, a conventional approach would be to attach additional radiation

shielding materials to the UAV 1.

[0073] However, in contrast to this conventional approach, the inventor has developed a new
design for a directional radiation detection system that includes both a radiation detector
configured to detect incident radiation and a directional shielding assembly that is configured to
at least partially shield the radiation detector by preventing a portion of the incident radiation
originating from a first incident direction from reaching the radiation detector and in which the
directional shielding assembly includes at least one functional component of the vehicle (e.g., a
UAV) that has been reconfigured and/or repurposed to perform at least two functions — its
originally intended function and a radiation shielding function. For example, the directional
radiation detection system can include shielding that is provided by changing the configuration
and/or location of an existing vehicle component so that it is in a different arrangement than is
conventionally used to perform its original function (and optionally in a manner that would not be

desirable/required merely to perform its original function) so that it can simultaneously perform a
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secondary, radiation blocking/shielding function. For example, an existing vehicle component
may be oversized, shaped, positioned, or oriented differently than would be done to achieve its
primary function to help provide a secondary function. This reconfiguration is preferably done
purposefully to achieve its radiation shielding function at a desired level and is not mere
coincidence or an intermittent effect that is the result of a transient changes in vehicle

position/orientation or other uncoordinated effects.

[0074] One example of such a repurposing is the physical reconfiguration of the battery(ies) or
other aspects of a vehicle’s onboard power source (which may include a plurality of individual
battery cells, capacitors, and the like) to provide a desired shielding geometry/configuration, while
still providing electrical power to the vehicle. The desired arrangements for providing radiation
shielding may be unnecessary for the provision of sufficient electrical power to the vehicle, and
may include making batteries that are shaped differently, somewhat oversized for a given
electrical demand, oriented differently, or otherwise connected to the vehicle in a manner that
does not necessarily reduce the overall volume and/or weight of the vehicle or UAV. However, by
using the batteries or other power source component for two purposes — power supply and
shielding — the total size and/or net weight of the vehicle or UAV may be reduced as compared to
a more conventional vehicle arrangement as the need for separate power source and shielding
material can be at least partially reduced. Preferably, substantially all of the desired radiation
shielding can be provided by the power source/battery components, such that the combined mass
of the vehicle power source(s) and its onboard radiation shielding material (i.e., Myattery + Mshield)
is preferably equal to or substantially equal to the mass of the vehicle power source(s) (Mpatery)
because of the overlap in function. Put another way, arranging the battery materials to provide a
desired degree of radiation shielding may preferably be achieved without increasing the overall
mass of the vehicle through the inclusion of relatively heavy shielding material that does not

otherwise contribute to the operation of the vehicle.

[0075] Referring to Figures 4 to 6, one example of a present radiation detection vehicle 100 with
a directional radiation detection system 130 is shown. The radiation detection vehicle 100 in this
example may be operated to obtain directional radiation measurements from a target surface or
area, for example by flying the radiation detection vehicle 100 over the area where measurements

are to be taken.

[0076] In the illustrated embodiment, the radiation detection vehicle 100 is an aerial vehicle or a

UAV. It includes a body 105 that has an upper side 107 (Figure 5) that is intended to be generally
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upwardly facing when the radiation detection vehicle 100 is in use, and a generally opposed lower
side 109 (Figure 4) that is intended to generally face downwardly (i.e., toward the ground) when
the vehicle 100 is in flight. The body 105 in this example has a generally convex octagonal
configuration but may be any suitable shape that allows a given embodiment to support other
desired components of the radiation detection vehicle 100 (such as the controller, GPS/altimeter
module, compass, communications module, and the like) while still being functional as a UAV. In
this example, the radiation detection vehicle is illustrated as a multi-copter, rotary-wing type UAV,
but in other embodiments it may have a different configuration and may be of a fixed-wing and/or

of a manned design.

[0077] The radiation detection vehicle 100 preferably includes a suitable landing gear
arrangement, such as landing gear component 115 that extends down and away from the body
105, to help facilitate landing of the radiation detection vehicle 100 when desired without
damaging or otherwise interfering with any portions of the vehicle 100 that extend downwardly
from the lower side 109. In the illustrated embodiment, the landing gear component includes a
pair of legs 115a, 115b that are spaced apart from each other on opposing sides of the body 105,

and also on opposing sides of the directional radiation detection system 130.

[0078] The radiation detection vehicle 100 preferably includes at least one motor or plurality of
motors that are supported by the body 105 and can be configured to provide locomotive power to
the vehicle 100 to help move the vehicle 100 along its desired course. The nature of the motor(s)
may be based on the type of propulsion apparatus used by the vehicle. For example, the motor
or motors may drive one or more propellers, turbines, wheels, gearing trains and transmissions,
or other such power train components. The radiation vehicle may be a single rotor vehicle with
one propeller or may be a multi-rotor vehicle with two or more propellers. The number of motors
and propellers may vary based on a several factors, including the size, shape, weight, and range

of the vehicle.

[0079] In some embodiments, each motor is paired to a different propeller to which it provides
power to. In other embodiments, one motor may provide power to multiple propellers. The
motor(s) and propeller(s) may be mounted directly on the body of the vehicle or may be secured
to the body via an arm, which extends away from the body. The motor and its associated propeller
may be mounted together or may be mounted apart. For example, a motor and the propeller it
powers may be mounted together on an arm. Conversely, a motor may be mounted on the body

and the propeller may be attached to an arm. The length and shape of the arm(s) may vary based
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on a several factors, including the size, shape, and weight of the vehicle, motor(s), and/or

propeller(s).

[0080] Referring to Figures 4-6, in the illustrated embodiment, the radiation detection vehicle 100
has six motors 112a-f. Each motor 112a-f is configured to power a propeller 110a-f, which in turn
propels the vehicle 100. Each motor-propeller combination is secured to the body 105 by an arm
114a-f, each arm extending away from the body. The motor 112 and propeller 110 are attached
to the arm 114 at the distal end, relative to the body 105.

[0081] In the illustrated example, the motors 112a-f are electric motors. The radiation detection
vehicle 100 therefore includes at least a first power source that is connectable to the body and
configured to provide power to the vehicle 100, and optionally can provide power to the motors
112a-f. The motors 112a-f may all be powered by a common power source, or two or more power
sources may provide power to different motors 112a-f. Optionally, the source that provides power
to the motors 112a-f can also provide power to other components of the vehicle 100. This may
help reduce the overall number of separate power sources needed for a given vehicle 100.
Alternatively, the power source for the motors 112a-f may be separate (either electrically,
physically, or both) from the power source that powers other vehicle components. This may allow
different components to receive different types/levels of power and may allow some vehicle
control or telemetry systems to continue to operate even if the power source for the motors 112a-
fis depleted. The motors 112a-f may be any suitable type of electric motor, including DC motors
(which may be convenient if the onboard power source provides DC power) or AC motors. The
size and power of each motor 112a-f can be selected based on other operating parameters of the

vehicle 100, and the motors 112a-f may be the same or different from each other.

[0082] The radiation detection vehicle 100 in this example also includes a directional radiation
detection system 130 that is supported by the body 105. In some embodiments, the radiation
detection system 130 is preferably provided on the lower side 109 of the body 105 and is generally
downwardly facing. In some embodiments, the directional radiation detection system 130 faces
the ground when the vehicle 100 is in use. This may be useful if the vehicle 100 is intended to
make an aerial survey of the underlying ground/region. Alternatively, instead of being disposed
on the lower side 109 of the body 105, the directional radiation detection system 130 may be
positioned on one side of the body 105 and/or may extend substantially through the body 105
while still be configured to face/sense radiation that originates from generally below the vehicle
100 while the vehicle is in flight.
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[0083] In other embodiments, the directional radiation detection system 130 may be configured
to face/sense radiation from a different direction (such as the front or back of the vehicle 100 if it
is intended to survey a generally vertically oriented region — such as a building, ship, or other

structure while in flight).

[0084] In this example, the directional radiation detection system 130 includes a radiation
detector 125 that is configured to detect incident radiation and a directional shielding assembly
120. The detector 125 itself may be considered non-directional in the absence of an associated
shielding assembly. The detector 125 may be any suitable type of transducer and in some
embodiments, may include a solid-state material that emits an electrical signal in response to
incident radiation. For example, the radiation detector may be any suitable radiation detector, and
may be, for example, a C12137 series radiation detection module sold by Hamamatsu Photonics
KK. Alternatively, the detector 125 may be a scintillator type detector that emits light in response
to incident radiation, accompanied by a photodetector or other suitable hardware to generate an

electrical signal that is proportional to the amount of light generated.

[0085] In some embodiments, the directional shielding assembly 120 can be configured to extend
away from the lower side 109 of the body 105. In some embodiments, the directional shielding
assembly 120 can be positioned below the radiation detector when the vehicle 100 is in use. In
embodiments in which the vehicle is an aerial vehicle, the directional shielding assembly 120 may
extend below the radiation detector 125 when the aerial vehicle 100 is in flight and may
substantially or entirely laterally surround the radiation detector 125. The upper side of the
radiation detector 125 (e.g., the side that is expected to be facing away from the area in which
radiation measurements are to be taken) may be shielded in a similar manner and/or may not

require substantial radiation shielding.

[0086] The directional shielding assembly 120 is preferably configured to at least partially shield
the radiation detector 125 by preventing a portion of the incident radiation originating from a first
incident direction from reaching the radiation detector 125. In some embodiments, the directional
shielding assembly 120 may include at least a portion of the first power source that provides
power to the UAV.

[0087] In particular, the directional shielding assembly 120 may include one or more battery cells
or other energy storage components/materials that are sufficiently dense to operate as a useful

radiation shield. For example, batteries included in the first power source may contain lithium,
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cadmium, nickel, and other materials that can block one or more types of incident radiation (for
example, gamma radiation) in a manner that is analogous to the shielding provided by lead or

other conventional shield materials, while still functioning as a power source.

[0088] In some embodiments, the first power source may be the power source that provides
power to one or more motors to drive the motor or motors to propel the vehicle 100. Alternatively,
or in addition to, the first power source may provide power to the radiation detection system 130
itself or to other vehicle components. In some embodiments, the first power source that is included
in the directional shielding assembly 120 can be the only source of power to the motor or motors
and preferably may be the only source of power to the vehicle 100. This may help reduce the
overall size and mass of the vehicle 100 by eliminating the need to include batteries that are not
incorporated into the directional shielding assembly 120 and/or the need to include shielding

material that does not also function as a power source.

[0089] In some embodiments, the first power source may include one battery. In other
embodiments, the first power source may include more than one battery and/or more than one
individual power cell. Optionally, the batteries forming the power source may be rechargeable
and/or may be replaceable to provide a fresh power source to the vehicle 100 when needed.
Optionally, to help facilitate the changing and/or replacement of a spent power source, the power
source in its entirety, or individual batteries or sub-modules thereof, may be detachable from the
rest of the vehicle 100. This may allow a discharged power source to be removed and replaced
with a new, charged power source. This may help reduce the time required to return the vehicle
100 into service if its initial battery runs low. In such configurations, the batteries or portions of the
power source that are used may be generally interchangeable with each other, such that a
replacement battery can be connected into a suitable port or socket that is exposed when a spent
battery is removed. When configured so that the batteries also form part of the directional
shielding assembly 120, removing a discharged battery also removes a part of the directional
shielding assembly 120 and the installation of a charged battery also serves as installing a new
part of the directional shielding assembly 120. In such examples, the directional shielding
assembly 120 may be a collection of modular, interchangeable units each of which also forms

part of the power source for the vehicle 100.

[0090] For example, in some embodiments, the first power source on the vehicle 100 may include
a first and a second battery, one or both of which may be detachably connected to the body 105

of the vehicle 100. Each of the first and second battery may be detachably connected to the body
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105 independently of the other battery and independently of the radiation detector 125, such that
when one battery is detached from the body, the other battery and the radiation detector 125 may

remain connected to the body.

[0091] In addition, in some embodiments, the first power source may include additional or
auxiliary batteries (such as a third battery) that can be connectable to the body 105 (or any other
suitable portion of the vehicle 100) in place of at least one of the first battery and second battery
that is detachably connected to the body while the other of the first battery and the second battery
remains connected to the body. When the auxiliary battery is connected to the body, the

directional shielding assembly may include the third battery.

[0092] Referring again to Figures 4-6, in the illustrated example the vehicle 100 includes one
example of a first power source 119 that includes four batteries 120a-d, each of which may include
any number of suitable internal cells or power storage members. The batteries 120a-d in this
example are connected to the lower side of the body 105. The batteries 120a-d can be connected
to the body 105 using any suitable means, including brackets, clips, latches, housing enclosures
and the like. For example, as shown in Figures 5 and 6, in this example, each battery 120a-d is

connected to the lower side of the body 105 using an L-shaped bracket 122.

[0093] In this example, the batteries 120a-d are shown schematically as being generally
rectangular and having substantially the same shape as each other. Alternatively, the batteries
120a-d may have other suitable configurations or shapes, and may be curved, hemispherical, or
the like. Similarly, the batteries 120a-d need not have the same configuration as each other. In
the present drawings, the electrical connectors to establish electrical connections between the
batteries 120a-d and the rest of the vehicle 100 and mechanical fastening connections to hold the
batteries 120a-d in place have not been shown in detail, but any suitable connectors and fasteners
could be provided. Optionally, the electrical connectors on the batteries 120a-d may be provided
on their upper end (as illustrated in Figures 5 and 6) because that end is in closest proximity to
the body 105.

[0094] The mass of the first power source 119 may vary depending on the power requirements
of the vehicle 100, the efficiency of the batteries 120a-d, and/or the radiation shielding
requirements of a given radiation detector 125, amongst other factors. For example, the mass of

the first power source 119 (e.g., the sum of the masses of batteries 120a-d in this example) may
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be between about 1kg and about 20kg or more. In some embodiments, such as in the case of

some small UAVs, the mass of the first power source 119 may be less than 2kg.

[0095] In embodiments in which the vehicle is a relatively small, and possibly relatively light-
weight vehicle, such as the UAV 100 illustrated, the mass of the first power source 119 may form
a relatively significant portion of the overall mass of the vehicle, as would a comparable mass of
dedicated radiation shielding materials. For example, in some embodiments the first power source
119 may account for between about 1% and about 50% or more of the total mass of the vehicle
100 (i.e., the mass of the power source 119 divided by the mass of the total vehicle 100 including
the power source 119). In other embodiments, the first power source 119 may be between about
5 and about 25% of the mass of the vehicle 100.

[0096] The size of the first power source 119 may also vary depending on the desired geometry
for aerodynamic considerations, radiation shielding considerations, and the like. For example,
when the batteries 120a-d or other portions of the first power source 119 are arranged to help
provide the desired radiation shielding performance, they may be sized, shaped, and oriented in
a manner that takes up relatively more space (i.e., is less spatially efficient) and/or that is less
aerodynamically preferred than would be achievable if the batteries 120a-d were configured
without having regard to the radiation blocking functions. While such an arrangement may be
counter-intuitive, the weight and space savings achieved by the dual-purpose utilization of the
power source 119 (as both power source and radiation shield) may be a net advantage to the

vehicle design and/or performance in some embodiments.

[0097] Referring to Figures 5 and 6, in the illustrated example the batteries 120a-d forming the
first power source 119 have a height 131 (i.e., length measured in the generally vertical or
downward direction when the vehicle 100 is in use) that is preferably between about 5 cm and

about 35 cm, and may be between about 10 cm and about 20 cm in some other embodiments.

[0098] The power source 119 may also define a lateral length 133 and width 137 in a plane that
is generally orthogonal to the height direction (i.e., a generally horizontal plane when oriented as
shown in Figures 5 and 6). In some embodiments, the length 133 and width 137 of the first power
source 119 may be generally the same, and may be between about 2 cm and 15 cm in some

embodiments, and may be between about 3 cm and 10 cm in some other embodiments.

[0099] In some embodiments, the size of the first power source is chosen to have a total mass

and stored energy equivalent to the batteries found on a typical UAV of similar size and function.
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In some embodiments, the arrangement of the first power source may change the centre of gravity
of the vehicle, as compared to the typical UAV. In some embodiments, such an arrangement may

lower the centre of gravity of the vehicle, as compared to the typical UAV.

[00100] In the illustrated example, the size of the four batteries 120a-d is about 5 cm in
lateral length 133 and width 137 and about 16.5 cm in height 131. In this arrangement, the

directional radiation detection system 130 contains the overall centre of gravity of the vehicle 100.

[00101] When utilizing at least portions of the power source 119 in the directional shielding
assembly 120, the overall configuration of the directional radiation detection system 130 may be
based on a balance of convenience of installation and accessibility of the power source 119, as
well as the desired shielding properties. Referring to Figures 4-6, in this example, the directional
radiation detection system 130 is supported by the body 105 and includes the radiation detector
125 and the directional shielding assembly 120. The directional shielding assembly 120 is
configured to partially shield the radiation detector 125 from a portion of incident radiation
originating from a first incident direction from reaching it and, in this example, includes the four
batteries 120a-d.

[00102] The directional shielding assembly 120 may, in some embodiments, be configured
as a collimator-type detector having a radiation inlet that allows incident radiation passing through
the radiation inlet to reach the radiation detector. In such embodiments, the directional shielding
assembly may shield the radiation detector by attenuating incident radiation that passes through

the first power source but does not pass through the radiation inlet.

[00103] Such directional shielding assemblies may define and extend along a collimator
axis that extends from the inlet to the radiation detector at one end of the collimator. That is, the
radiation inlet may be configured as a laterally extending aperture or portion that is axially opposite
the radiation detector and may extend in a plane that is generally transverse the collimator axis.
If the direction of detection of the directional radiation detection system 130 is to be generally
aligned with the collimator axis then the directional shielding assembly 120 may entirely, or at
least partially, laterally surround the collimator axis thereby blocking incident radiation that does

not travel generally axially and/or through the lateral portion of the radiation inlet.

[00104] In the example illustrated in Figure 4, the directional radiation detection system
130 is configured as one example of a collimator-type detector in which the four batteries 120a-d

of the power source 119 are configured to extend in the generally axial direction (parallel to
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collimator axis 140) and are configured to entirely laterally surround the collimator axis 140 in a

partially overlapping arrangement.

[00105] The configuration of the batteries relative to each other may vary. In the illustrated
example, the batteries 120a-d are arranged in an offset, overlapping manner, such that a portion
of one battery overlaps with a portion of the adjacent battery. For example, referring to Figure 4,
one side of battery 120a overlaps with battery 120b and a different side of battery 120a overlaps
with battery 120d. Such an arrangement may provide increased radiation shielding than would be
provided if the corners of each battery were lined up with the corner of the adjacent battery. Other

arrangements could be used in other embodiments.

[00106] A radiation inlet 135 is defined, in this example, as a generally transverse
aperture/opening at the lower end of the power source 119 that is bounded by the lower ends of
the batteries 120a-d. In this arrangement the power source 119 provides the directional shielding
assembly 120 that shields the radiation detector 125 from radiation originating from the front, rear,
and sides of the vehicle 100 when it is in use, and generally limits the detector 125 to detecting
radiation that is emitted from below the vehicle 100 and that passes generally axially in through
the radiation inlet 135. That is, in such an arrangement, the four batteries 120a-d cooperate to
laterally surround the radiation detector 125, forming a collimator. In this configuration, when the
vehicle 100 is above a radiation source, the radiation detector 125 will primarily respond to
radiation substantially below the radiation detector 125, within the area defined by the radiation
inlet 135. In other words, the radiation inlet 135 allows incident radiation passing through the
radiation inlet 135 to reach the radiation detector 125 and the directional shielding assembly 120
shields the radiation detector 125 by blocking incident radiation that does not pass through the

radiation inlet.

[00107] In some embodiments, the width of the radiation inlet may be between about
0.5cm and 10cm, in some embodiments, the width of the radiation inlet may be between about

1cm and 5¢cm.

[00108] By altering the position of the batteries and radiation detector, directional shielding
for the radiation detector may be formed without the need to add additional material to the vehicle.
Using the batteries for multiple purposes (i.e., power source and shielding) may provide for

directional radiation capability without adding substantial additional mass to the vehicle.
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[00109] Preferably, the radiation detection vehicle 100 may include any suitable controller
that is shown schematically as controller 144 in Figure 6. The controller 144 may include a variety
of suitable and desired modules and/or sensors (including hardware, software, firmware, and
combinations thereof) that can help control the operation of the vehicle 100 as well as the radiation
detection system 130. The controller 144 may include, for example, a process, CPU, memory,
transceiver, accelerometer, gyroscope, pressure and velocity sensors, a communication module
to communicate with a user/ operator, a GPS and altimeter system to monitor an instantaneous
threedimensional positioning of the vehicle 100 when in use, an electric compass or
magnetometer, and other desired modules. The controller 144 may also be operable to associate
an instantaneous directional radiation measurement with the instantaneous position of the vehicle
100. This may help facilitate determining the location of one or more sources of radiation within a
given survey or measurement area, based on a relation between the vehicle position and the

directional radiation measurement.

[00110] Figures 7 - 9 illustrate an alternative embodiment of a radiation detection vehicle
1100 with a directional radiation detection system 1130, that is generally analogous to radiation
detection vehicle 100 and directional radiation detection system 130, and in which analogous

features are identified using like reference characters indexed by 1000.

[00111] In this embodiment, the radiation detection vehicle 1100 includes a body 1105 that
has an upper side 1107 (Figure 8) and a generally opposed lower side 1109 (Figure 7). The
illustrated vehicle has a landing gear component 1115, which includes a pair of legs 1115a, 1115b
on opposing sides of the body 1105, and a controller 1144. A plurality of motors 1112a-f are
supported by the body 1105 and are each configured to power a propeller 1110a-f, which in turn
propels the vehicle 1100. Each motor-propeller combination is secured to the body 1105 by an
arm 1114a-f.

[00112] The radiation detection vehicle 1100 also includes a directional radiation detection
system 1130 that is supported on the lower side 1109 of the body 1105 and is generally
downwardly facing. The directional radiation detection system 1130 includes a radiation detector

1125, which is configured to detect incident radiation, and a directional shielding assembly 1120.

[00113] In the illustrated example, the directional shielding assembly 1120 only partially

laterally surrounds a collimator axis 1140, the collimator axis 1140 being defined by the directional
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shielding assembly 1120 and extending downwardly from the radiation detector 1125 (see Figure
8).

[00114] The radiation inlet 1135, which allows radiation to reach the detector from a pre-
defined direction, includes both a lateral portion 1135a, which may be axially opposite the
radiation detector, and an axial portion 1135b, which lies in a plane that is generally parallel to
the collimator axis 1140, extending axially from the lateral portion and being defined by a gap in
the directional radiation shielding assembly 1120. In this arrangement, the directional shielding
assembly 1120 blocks incident radiation that does not travel through at least one of the lateral
portion 1135a and the axial portion 1135b of the radiation inlet 1135. In this illustrated example,
the directional shielding assembly 1120 shields the radiation detector 1125 from radiation
originating from the rear and sides of the vehicle 1100 when the vehicle 1100 is in use, and
generally limits the detector 1125 to detecting radiation that is emitted from below and in front of
the vehicle 1100. In other embodiments, depending on how the directional radiation shielding
assembly 1120 is configured, the directional radiation shielding assembly 1120 may shield the
radiation detector 1125 from radiation originating from the front and sides or from the front, rear,

and one side of the vehicle 1100 when the vehicle 1100 is in use.

[00115] In the illustrated example, the directional shielding assembly 1120 includes a first
power source 1119, that includes three batteries 1120a-c, each of which may include any number
of suitable internal cells or power storage members. The batteries 1120a-c are connected to the
lower side 1109 of the body 1105 using an L-shaped bracket 1122.

[00116] Referring to Figures 8 and 9, in the illustrated example, the size of the batteries
1120a-c forming the first power source 1119 is about 5 cm in lateral length 1133 and width 1137
and about 16.5 cm in height 1131.

[00117] In other embodiments, a directional radiation detection system may include a
directional shielding assembly that is configured as an inverse collimator. Figures 10 to 12
illustrate another example of a radiation detection vehicle 2100 with a directional radiation
detection system 2130, that is generally analogous to radiation detection vehicle 100 and
directional radiation detection system 130, and in which analogous features are identified using

like reference characters indexed by 2000.

[00118] In this example, the directional radiation detection system 2130 includes an inverse

collimator that has a blocking member, which includes the radiation shielding material, in a limited
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area around the radiation detector thereby shielding the radiation detector from the portion of the
incident radiation originating from the direction in which the blocking member is pointed. As the
blocking member is moved relative to the detector, readings of the radiation magnitude and
blocking member positioning can be recorded. The lowest radiation reading may generally
correspond to when the blocking member is rotationally or otherwise aligned between the detector

and the radiation source.

[00119] In the illustrated embodiment, the first power source (including at least a first
battery 2120a) is configured to function as a blocking member 2150 that is movable relative to
the radiation detector 2125, and that shields the radiation detector 2125 from at least a portion of
incident radiation In this arrangement, when in a first position, the blocking member 2150 shields
the radiation detector 2125 from incident radiation originating from a first direction but not incident
radiation originating from a second, third, fourth, and so on direction. When the blocking member
2150 is moved to a second position, the blocking member 2150 shields the radiation detector
2125 from incident radiation originating from a second direction, whereas incident radiation

originating from the first, third, fourth, and so on direction can reach the radiation detector 2125.

[00120] The movement of the blocking member 2150 relative to the radiation detector 2125
may be achieved by any suitable positioning apparatus. In the illustrated embodiment, the
blocking member 2150 is mounted to a rotary mount 2123, which may include a drive motor (not
shown) to rotate the blocking member 2150 about a desired axis around the radiation detector
(see arrows in Figure 10). The rotary mount 2123 may maintain electrical contact through a rotary

joint.

[00121] In the illustrated embodiment, the rotary mount 2123 comprises a central static portion
2123a that is mountable to the body of the vehicle and is surrounded on its exterior face by an
annular rotating portion 2123b (see Figure 12). The rotary mount 2123 is secured to the lower
side 2109 of the radiation detection vehicle 2100 and the radiation detector 2125 extends below
the rotary mount 2123. The blocking member 2150 is secured to the rotating portion 2123b of the
rotary mount 2123. As the rotating portion 2123b is moved around the static portion 2123a, the
blocking member 2150 can therefore shield different portions of the radiation detector 2125 by

attenuating the incident radiation that passes through it.

[00122] While this invention has been described with reference to illustrative embodiments and

examples, the description is not intended to be construed in a limiting sense. Thus, various
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modifications of the illustrative embodiments, as well as other embodiments of the invention, will
be apparent to persons skilled in the art upon reference to this description. It is therefore

contemplated that the appended claims will cover any such modifications or embodiments.

[00123] All publications, patents, and patent applications referred to herein are incorporated by
reference in their entirety to the same extent as if each individual publication, patent, or patent
application was specifically and individually indicated to be incorporated by reference in its

entirety.
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What is claimed is:

1.

A radiation detection vehicle comprising:
a) abody;
b) a motor supported by the body and configured to propel the vehicle;

c) at least a first power source connectable to the body and configured to provide

power to the vehicle; and
d) adirectional radiation detection system supported by the body and comprising:
i. aradiation detector configured to detect incident radiation; and

ii. a directional shielding assembly configured to partially shield the radiation
detector by preventing a portion of the incident radiation originating from a
first incident direction from reaching the radiation detector, the directional

shielding assembly comprising the first power source.

The vehicle of claim 1, wherein the first power source provides power to at least one of the
motor for driving the motor to propel the vehicle and the directional radiation detection

system.

The vehicle of claim 1 or 2, wherein the first power source comprises between about 5%

and about 25% of the mass of the vehicle.

The vehicle of any one of claims 1 to 3, wherein the first power source is the only source of

power to the motor.

The vehicle of any one of claims 1 to 4, wherein the first power source is the only source of

power to the vehicle.

The vehicle of any one of claims 1 to 5, wherein the first power source comprises at least a

first battery and a second battery.

The vehicle of claim 6, wherein at least one of the first battery and the second battery is

detachably connected to the body.
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The vehicle of claim 7, wherein the at least one of the first battery and the second battery
that is detachably connected to the body is detachable independently of the other one of the

first battery and the second battery.

The vehicle of claim 7 or 8, wherein the at least one of the first battery and the second
battery that is detachably connected to the body is detachable while the radiation detector

remains connected to the body.

The vehicle of any one of claims 7 to 9, further comprising a third battery that is connectable
to the body in place of the at least one of the first battery and the second battery that is
detachably connected to the body while the other of the at least one of the first battery and
the second battery remains connected to the body, and when the third battery is connected

to the body, the directional shielding assembly comprises the third battery.

The vehicle of any one of claims 6 to 10, wherein the directional shielding assembly is
configured as a collimator having a radiation inlet that allows incident radiation passing
through the radiation inlet to reach the radiation detector and that shields the radiation
detector by attenuating incident radiation that passes through the first power source and

does not pass through the radiation inlet.

The vehicle of claim 11, wherein the directional shielding assembly extends along a
collimator axis, and the radiation detector is at one end of the collimator and the radiation

inlet comprises a lateral portion that is axially opposite the radiation detector.

The vehicle of claim 12, wherein the lateral portion extends in a plane that is transverse the
collimator axis and wherein the directional shielding assembly laterally surrounds the
collimator axis thereby blocking incident radiation that does not travel through the lateral

portion.

The vehicle of claim 13, wherein the vehicle has a front side, an opposing rear side, and left
and right sides, and wherein the first battery is disposed toward the front side, the second
battery is disposed toward the rear side, and the directional shielding assembly comprises
a third battery disposed toward the left side and a fourth battery disposed toward the right
side, and wherein the first, second, third, and fourth batteries co-operate to laterally

surround the collimator axis.
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The vehicle of claim 12, wherein the directional shielding assembly only partially laterally
surrounds the collimator axis and the radiation inlet comprises an axial portion lying in a
plane that is generally parallel to the collimator axis, extending axially from the lateral portion
and being defined by a gap in the directional radiation shielding assembly, the directional
shielding assembly blocking incident radiation that does not travel through at least one of

the lateral portion and the axial portion of the radiation inlet.

The vehicle of any one of claims 1 to 10, wherein the directional shielding assembly is
configured as an inverse collimator in which the first power source is configured as a
blocking member that is movable relative to the radiation detector and that shields the
radiation detector by attenuating incident radiation originating from a direction in which the

blocking member is pointed.

The vehicle of any one of claims 1 to 16, wherein the vehicle is an aerial vehicle and the
body has an upper side and an opposed lower side generally facing the ground when the
aerial vehicle is in flight, and wherein a directional radiation detection system is provided on

the lower side and is generally downwardly facing.

The vehicle of claim 17, wherein the radiation detector is proximate the lower side and faces
the ground and the directional shielding assembly extends away from the lower side and

below the radiation detector when the aerial vehicle is in flight.
The vehicle of claim 17 or 18, wherein the vehicle comprises an unmanned aerial drone.

The vehicle of any one of claims 1 to 19, wherein the directional radiation detection system

contains a center of gravity of the vehicle.
The vehicle of any one of claims 1 to 20, wherein the vehicle further comprises:

a) a sensor system to monitor an instantaneous position of the vehicle when in use;

and

b) a controller operable to associate an instantaneous directional radiation

measurement with the instantaneous position of the vehicle.
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The vehicle of any one of claims 1 to 21, the radiation detector comprises a solid state
material that emits an electrical signal in response to the incident radiation or a scintillating

material that emits light in response to incident radiation.

A directional radiation detection system for use in combination with a vehicle, the directional

radiation detection system comprising:

a) a radiation detector configured to detect incident radiation; and

b) a directional shielding assembly configured to partially shield the radiation detector
by preventing a portion of the incident radiation originating from a first incident
direction from reaching the radiation detector, the directional shielding assembly
comprising at least a first power source that is configured to provide power to the

vehicle.

The system of claim 23, wherein the vehicle comprises a body and a motor supported by
the body and configured to propel the vehicle and wherein the at least first power source is

configured to provide power to the motor to propel the vehicle when in use.

The system of claim 23 or 24, wherein the first power source provides power to the

directional radiation detection system.

The system of claim 23-25 wherein the first power source comprises between about 5% and

about 25% of the mass of the vehicle.

The system of any one of claims 23-26, wherein the first power source is the only source of

power to the motor.

The system of any one of claims 23-27, wherein the first power source is the only source of

power to the vehicle.

The system of any one of claims 23-28, wherein the first power source comprises at least a

first battery and a second battery.

The system of claim 29, wherein at least one of the first battery and the second battery is

detachably connected to the body.
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The system of claim 30, wherein the at least one of the first battery and the second battery
that is detachably connected to the body is detachable independently of the other one of the

first battery and the second battery.

The system of claim 30 or 31, wherein the at least one of the first battery and the second
battery that is detachably connected to the body is detachable while the radiation detector

remains connected to the body.

The system of any one of claims 30 to 32, further comprising a third battery that is
connectable to the body in place of the at least one of the first battery and the second battery
that is detachably connected to the body while the other of the at least one of the first battery
and the second battery remains connected to the body, and when the third battery is

connected to the body, the directional shielding assembly comprises the third battery.

The system of any one of claims 29 to 33, wherein the directional shielding assembly is
configured as a collimator having a radiation inlet that allows incident radiation passing
through the radiation inlet to reach the radiation detector and that shields the radiation
detector by attenuating incident radiation that passes through the first power source and

does not pass through the radiation inlet.

The system of claim 34, wherein the directional shielding assembly extends along a
collimator axis, and the radiation detector is at one end of the collimator and the radiation

inlet comprises a lateral portion that is axially opposite the radiation detector.

The system of claim 35, wherein the lateral portion extends in a plane that is transverse the
collimator axis and wherein the directional shielding assembly laterally surrounds the
collimator axis thereby blocking incident radiation that does not travel through the lateral

portion.

The system of claim 36, wherein the vehicle has a front side, an opposing rear side, and left
and right sides, and wherein the first battery is disposed toward the front side, the second
battery is disposed toward the rear side, and the directional shielding assembly comprises
a third battery disposed toward the left side and a fourth battery disposed toward the right
side, and wherein the first, second, third, and fourth batteries co-operate to laterally

surround the collimator axis.

31



38.

39.

40.

41.

42.

43.

44.

45.

CA 03135657 2021-09-30

WO 2020/198877 PCT/CA2020/050446

The system of claim 36, wherein the directional shielding assembly only partially laterally
surrounds the collimator axis and the radiation inlet comprises an axial portion lying in a
plane that is generally parallel to the collimator axis, extending axially from the lateral portion
and being defined by a gap in directional radiation shielding assembly, the directional
shielding assembly blocking incident radiation that does not travel through at least one of

the lateral portion and the axial portion of the radiation inlet.

The system of any one of claims 23 to 33, wherein the directional shielding assembly is
configured as an inverse collimator in which the first power source is configured as a
blocking member that is movable relative to the radiation detector and that shields the
radiation detector by attenuating incident radiation originating from a direction in which the

blocking member is positioned.

The system of any one of claims 23 to 39, wherein the vehicle is an aerial vehicle and the
body has an upper side and an opposed lower side generally facing the ground when the
aerial vehicle is in flight, and wherein the directional radiation detection system is provided

on the lower side and is generally downwardly facing.

The system of claim 40, wherein the radiation detector is proximate the lower side and faces
the ground and the directional shielding assembly extends away from the lower side and

below the radiation detector when the aerial vehicle is in flight.
The system of claim 40 or 41, wherein the vehicle comprises an unmanned aerial drone.

The system of any one of claims 23 to 42, wherein the directional radiation detection system

contains a center of gravity of the vehicle.
The system of any one of claims 23 to 43, wherein the vehicle further comprises:

a) a sensor system to monitor an instantaneous position of the vehicle when in use;

and

b) a controller operable to associate an instantaneous directional radiation

measurement with the instantaneous position of the vehicle.

The system of any one of claims 23 to 44, the radiation detector comprises a solid state

material that emits an electrical signal in response to the incident radiation.
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