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HIGH RESOLUTION LIDAR IMAGING SYSTEM

Field of the Invention

The invention relates to an imaging system developed by obtaining high resolution depth

information, comprising an analog and/or a digital control system.

State of the Art

There are many different types of LIDAR available today. These can be listed as flash LIDAR,
solid state LIDARs, optical phase array LIDARs and MEMS-based LIDAR, etc. They all use the
principle of illuminating the target with the signal generated by the light source and measuring
the time difference (time of flight) between the returned and transmitted signal to calculate the
Time of Flight. A signal to Noise ratio (SNR) level is set to prevent false alarm rates at the
detector time-detecting electronic. The time difference between the transmitted signal and the
returned signal from the target defines the distance of the target to the LIDAR system. Basically,
measurements made at different spatial positions can be used to calculate the distance of different
spatial points on the target, and therefore their relative distances to each other is used for
gathering depth information. In this method, the depth information depends on the sharpness of
the signal rise time and also to the time resolution that can be measured by the detector time-
detecting electronic. The depth resolutions of current LIDAR systems are limited by the rise time
of the illumination systems used, and high-cost illumination sources are required for
measurements with high depth resolution. Another problem that can be encountered with current
systems is that in the case of target points having different depths within the spatially illuminated
area, a sequence of signals is returned from the target instead of a single signal, and the different

depths within this spatial resolution cannot be calculated.
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Another method that can be used for high depth measurement is the in-direct Time of Flight
measurement techniques. In this methods, a phase shift occurred between the transmitted and
received signals. The phase shift is proportional to the time of flight. This phase difference can be
measured by comparing the transmitted signal and received signal by using an interferometer
system. This methods provides high depth resolutions down to the nm levels in the optical
wavelength, but the maximum measurement range or depth information is limited by the
wavelength of the illumination source used. Since the depth information obtained is only
available in multiples of the wavelength, it provides only a relative measurement. In addition, the

use of these systems in the field is limited due to their sensitivity.

Another parameter in the analysis of current LIDAR systems is the methods used to create spatial
resolution. In the 3-dimensional image generation, depth information is measured for each point
on the azimuth and elevation axes and combined with the related position information on the
azimuth and elevation axes to generate the 3-dimensional image. In the case of using the pulse
method to measure the depth information for each point, the depth resolution is limited by the
signal rise time of the illumination system and the time resolution that can be measured by the

detector time-detecting electronic.

According to the gathering position information in the azimuth and elevation axes, LIDARs can
be classified into two main systems. These systems are called mechanical and electromagnetic
beam steered systems. As mentioned above, the time of flight calculations are made by
stimulating the sensors by the source. These systems work without mirrors, if the light source is
steered or by steering, or with the aid of moving mirrors. Each of these systems is example of

mechanical systems.

In mechanical steering systems, lasers or detectors are steered with the aid of mirrors. However,
these systems perform spatial space scanning very slowly. On the other hand, Solid state systems
are a form of beam steering that obtained by one or more micro-mirrors scans for a specific solid
angle. However, due to the high-tech nature of these systems and their high costs, their

deployment in civilian applications has remained limited.
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LIDAR systems can be examined in two categories; coherent and non-coherent. While coherent
systems are measuring the phase change depending on the wavelength of the light used, their
depth measurement are limited with the wavelength of the light. Non-coherent systems, including
the systems discussed below, basically measure the target distance, and distances for different
spatial points on the target, by measuring the time of flight of a modulated or pulsed signal that
transmitted to the target. The gathered distance information may comprise different angular
positions in the Field of View (FOV) depending on the system design used, or the angular
position information can be gathered with electronic, mechanical, electro-mechanical, etc. scan

systems (including control electronics) for the single point measurement systems.

In all systems in the current state of the art, single or a series of several laser pulses are sent to the
target point and the distance is determined from the time of flight between the transmitted and the
received signal. The depth resolution of the target area depends on the time duration of the
transmitted pulse. Pulse durations (signal rise times) should be shortened if more precise
measurements are desired. Short pulse lasers are of limited use in LIDAR applications due to

their high cost and large size.

The patent application numbered WO 2008008970, which is in the state of the art, mentions a
lidar-based 3D point cloud measurement system. The system includes elements such as a target, a
light source, a plurality of optical elements and detectors, and a photon detector. In one
embodiment of the invention, there is a rotary component, and a rotary power connection
configured to provide power from an external source to the rotary motor, photon transmitters and
photon detectors, and also to provide an input and output signal to the unit. In said document, a
lidar system with 64 elements (32 each, including 2 mounts) was constructed. The system can
collect 1 million distance points per second based on “time of flight". The standard deviations of
the time of flight measurements are equal to or less than 5 cm. In the system, an inertial
navigation system (INS) sensor is used to correct these deviations. The light source produces its
own light (laser). The system is also capable of receiving and decoding multiple returns from a
single laser emission by digitizing and analyzing the waveform produced by the detector when

the signal generated from the emitter returns. However, the distance measurement method
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mentioned in the invention is performed by continuous time of flight (TOF) measurement for all
points on the target and each different image frame. Thus, it cannot reach high resolution values
since it can provide resolution values limited by pulse time. However, the complex structure and

cost of the system are other disadvantages.

The Korean patent numbered KR 20170132977, which is in the known state of the art, mentions
a lidar imaging system developed for vehicles. The vehicle lidar device is capable of detecting an
object, based on the time of flight or phase difference measurements of the transmitted signal
and/or a received signal. Said lidar device comprises a transmitter/light signal, a receiver,
interface, processor, photodetector, photodiode and power supply. The processor is able to
generate an image of the object, based on transmitted and received light. Specifically, the
processor can generate an image of the object by comparing the transmitted light and the light
corresponding to each pixel, or it can generate an image of the object by calculating the “time of
flight” or phase change. Also, the processor is able to edit the image depending on the degree to
which the image is tilted horizontally or vertically. In the present invention, a depth map is
generated based on transmitted light and reflected light. By comparing the transmitted light and
the reflected light corresponding to each pixel, the processor calculates the time of flight and
phase change per pixel to generate a depth map. These data can be accumulated using memory.
In this way, the images at the points are determined and the imaging system is developed. Also,
the distance measurement method mentioned in this patent application is performed by
continuous time of flight (TOF) measurement for all points on the target and each different image
frame. Thus, it cannot reach high resolution values since it can provide resolution values limited

by pulse time.

The patent document numbered WO 2019064062, which is in the state of the art, mentions a
system and method that uses lidar technology to image objects in the environment. Said system
includes elements such as a light source, a processor developed to determine the distance between
the vehicle and the object, a sensor developed to detect the reflections of the light source, a
moving MEMS mirror, and an actuator. It is mentioned that the lidar system can be used to
generate depth maps. It is mentioned that depth information for each pixel of the image may also

be recorded or may be temporal. It is mentioned that the processor controls the light source for
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different durations during the scanning of the target and determines whether additional light
pulses are required based on the image quality. In this patent application, it can be seen that the
Time of Flight (TOF) of the closest point on the target can be calculated from the time of flight
measured for different pixels of the background data and the time of flight of the second signal
obtained directly and/or by summing the values of the successive peaks in the multiple reflection
signals returned from the target in a group of neighboring pixels. With this method, it is seen that
the time of flight measurement is performed indirectly on the background of a single illumination
signal by using the signal returned by multiple reflections. Consequently, it cannot reach high

resolution values since it can only provide resolution values limited by the pulse duration.

Brief Description and Advantages of the Invention

The present invention relates to a high resolution Lidar imaging system that meets the above-
mentioned requirements, eliminates all of the disadvantages and provides some additional

advantages.

The main object of the invention is to provide a Lidar imaging system that provides high-

resolution depth information without measuring multiple of times of flight data.

The object of the invention is to perform a distance measurement with a detector time-detecting

electronic circuit for the first measurement of the distance, as in the current systems.

Another object of the invention is to use the change of focus of the target image on the detector to
measure the relative distances of the points on the target to each other (depth information on the

target).

Another object of the invention is to provide a structure that does not need an individual signal
illumination and time of flight calculation for each spatial position and does not need to wait for
at least time of flight for each spatial position on the target and therefore wherein the depth

resolution of the LIDAR system is significantly increased as well as frame rate time.



10

15

20

25

30

WO 2023/048687 PCT/TR2022/051024

Description of the Figures

Figure 1: 4-staged high resolution and fast LIDAR system flow chart for a close-middle distance
target

Figure 2: 4-staged high resolution and fast LIDAR system for a close-middle distance target
Figure 3: 4-staged high resolution and fast LIDAR system flow chart for a long-distance target
Figure 4: 4-staged high resolution and fast LIDAR system for a long-distance target

Figure 5: High resolution LIDAR system flow chart for a close-middle distance target

Figure 6: High resolution LIDAR system for a close-middle distance target

Figure 7: High resolution LIDAR system flow chart for a long-distance target

Figure 8: High resolution LIDAR system for a long-distance target

Element Numbers in the Figures

100 - Light source

111 - First detector

112 - Second detector

113 - Third detector

114 - Fourth detector

11N - Nth detector

121 - First reflective/transmissive/absorptive optical element
122 - Second reflective/transmissive/absorptive optical element
123 - Third reflective/transmissive/absorptive optical element
124 - Fourth reflective/transmissive/absorptive optical element
12N - Nth reflective/transmissive/absorptive optical element
130 - Optical system

140 - High resolution positioner

150 - Target

160 - Control system
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#

Detailed Description of the Invention

The present invention relates to a high resolution Lidar imaging system that meets the above-
mentioned requirements, eliminates all of the disadvantages and provides some additional

advantages.

Figure 1 shows a 4-staged high resolution and fast LIDAR system flow chart for a close-middle
distance target. Figure 2 shows 4-staged high resolution and fast LIDAR system for a close-
middle distance target.

A light source (100) is illuminates the target (150) to be imaged. The light source (100) may be
sinle and/or multiple pulsed lasers, CW lasers, LEDs or fluorescents, etc. It may comprise optical
and electronic systems such as focusers, diffusers, scanners, etc. It may comprise signal shaping
optical/electronic systems such as modulators etc. The first detector (111), second detector (112),
third detector (113) and fourth detector (114) are the detectors in the system. These detectors can
be single or multiple photodiodes, phototransistors, thermal detectors, single photon detectors,
avalanche detectors, photon counters and detectors with an array structure. The first
reflective/transmissive/absorptive optical element (121), second
reflective/transmissive/absorptive optical element (122), third reflective/transmissive/absorptive
optical element (123), forth reflective/transmissive/absorptive optical element (124) may have a
reflective, transmissive or absorptive structure. These optical elements can be iris, pinhole,
selective pass filter or gradient filter. The optical system (130) in the structure may comprise one
and/or more refractive and/or reflective optical elements and may be used for spatial scanning,
The control system (160) included in the system can be in Analog and/or Digital structure. The
control system (160) can control illumination time, shape, modulation, scan system control, etc.,
illumination functions, optical system scan functions, etc., detector settings, etc., process the
detected signal, calculate the time of flight, calculate the depth information based on the positions
of the detectors (111, 112, 113, 114) on the optical axis, and perform operations of 3-dimensional
image generation, etc. with the spatial position information such as depth information calculated

based on the positions of the detectors (111, 112, 113, 114) on the optical axis and/or the
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scanning system position. The computer may include components such as a power supply, drive

circuit, reader circuit, specialized software, etc.

According to Figures 1 and 2, the operation of the system is as follows. The light source (100)
managed by the analog and/or digital control system (160) illuminates the target (150) to be
imaged for a predetermined or undetermined period of time. Other optical components may be
present to steer or collect the beam inside the light source (100). Light reflected from the target
passes through the optical system (130). With the help of the control system (160), the time of
flight measurement is performed between the received signal on one or more of the first, second,
third or fourth detectors (111, 112, 113, 114) and signal of the light source (100). From the time
of flight measurement, the distance to the LIDAR system of the reference surface on the target
(150) 1s determined by the control system (160). In the subsequent illuminations, point A falls on
the first detector (111), point B on the second detector (112), point C on the third detector (113)
and point D on the fourth detector (114) over the target. The light reflected back from point A on
the target passes through the first reflective/transmissive/absorptive optical element (121) and
reaches the first detector (111), while a significant part of the rest of the light rays that reflected
back from points B, C and D on the target are transferred to the next parts. The rest of the light
reflected back from point B on the target passes through the second
reflective/transmissive/absorptive optical element (122) and reaches the second detector (112),
while the rest of the light rays reflected back from points C and D on the target are mostly
transferred to the next parts. The light reflected back from point C on the target passes through
the third reflective/transmissive/absorptive optical element (123) and reaches the third detector
(113), while a significant part of the rest of the light rays reflected back from point D on the
target is transferred to the next part. A significant part of the light reflected back from point D on
the target (150) reaches the fourth detector (113). The images obtained on the first detector (111)
generate the images of A depth, the images obtained on the second detector (112) generate the
images of B depth, the images obtained on the third detector (113) generate the images of C
depth and the images obtained on the fourth detector (114) generate the images of D depth. The
depth information of these images is calculated by the control system (160) along with the
position information of the detectors. The number of the detectors and the

reflective/transmissive/absorptive optical elements in front of it can be increased or reduced
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according to the desired resolution. The entire system shown in Figure 2, the light source (100),
the detectors (111, 112, 113, 114), the reflective/transmissive/absorptive optical elements (121,
122, 123, 124) or the optical system (130) can be rotated in elevation and azimuth together or
independently. In this manner, elevation and azimuth scanning can be performed. The entire
system described in Figure 2 can be produced integrated with each other. Or detectors (111, 112,
113, 114), reflective/transmissive/absorptive optical elements (121, 122, 123, 124) or optical
system (130) elements can also be produced integrated with each other. Or, the spatial scan can
be performed optically and/or electronically by using the linear array detectors or focal plane
array detectors as (111, 112, 113, 114) numbered detectors of the system. Optical and/or
electronic scanning position information controlled by the analog and/or digital control system
(160), can be used to generate a 3-dimensional image in combination with depth information

calculated by the analog and/or digital control system (160).

According to Figures 3 and 4, the operation of the system is as follows. The light source (100)
that controlled by the analog and/or digital control system (160), illuminates the target (150) to be
imaged for a predetermined or undetermined period of time. Other optical components may be
present to steer or collect the beam inside the light source (100). Light reflected from the target
passes through the optical system (130) or systems. The time of flight measurement is performed
by using the backscattering time of the light with one or more of the first, second, third or fourth
detectors (111, 112, 113, 114), the pulse time of the light source (100) and the control system
(160). From the time of flight measurement, the distance of the reference surface of the target to
the LIDAR system is determined by the control system (160). In the subsequent illuminations,
point A falls on the first detector (111), point B on the second detector (112), point C on the third
detector (113) and point D on the fourth detector (114) over the target. The light reflected back
from point A on the target, passes completely through the first reflective/transmissive/absorptive
optical element (121) and reaches the first detector (111), while a significant part of the rest of
the light reflected back from points B, C and D on the target is transferred to the next parts. The
rest of the light reflected back from point B on the target passes completely through the second
reflective/transmissive/absorptive optical element (122) and reaches the second detector (112),
while the rest of the light reflected back from points C and D on the target is mostly transferred to
the next parts. The light reflected back from point C on the target passes completely through the
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third reflective/transmissive/absorptive optical element (123) and reaches the third detector (113),
while a significant part of the rest of the light reflected back from point D on the target is
transferred to the next parts. A significant part of the light reflected back from point D on the
target reaches the fourth detector (114). The images obtained on the first detector (111) generate
the images of A depth, the images obtained on the second detector (112) generate the images of B
depth, the images obtained on the third detector (113) generate the images of C depth and the
images obtained on the fourth detector (114) generate the images of D depth. The depth
information of these images is calculated by the control system (160) along with the position
information of the detectors. The number of the detectors and the
reflective/transmissive/absorptive optical elements in front of it can be increased or reduced
according to the desired resolution. The entire system shown in Figure 4, the light source (100),
the detectors (111, 112, 113, 114), the reflective/transmissive/absorptive optical elements (121,
122, 123, 124) or the optical system (130) can be rotated in the desired direction together or
independently. In this manner, horizontal or vertical scanning can be performed. The entire
system described in Figure 4 can be produced as an array. Or detectors (111, 112, 113, 114),
reflective/transmissive/absorptive optical elements (121, 122, 123, 124) or optical system (130)
elements can also be produced as a layered array. Or the spatial scan can be performed optically
and/or electronically by using the array detectors or detectors with a focal plane array structure
for the detectors (111, 112, 113, 114). Optical and/or electronic scanning position information
controlled by the analog and/or digital control system (160) can be used to generate a 3-

dimensional image in combination with depth information calculated by the control system (160).

According to Figures 5 and 6, the operation of the system is as follows. The light source (100)
that controlled by the control system (160), illuminates the target (150) to be imaged for a
predetermined or undetermined period of time. Other optical components may be present to steer
or collect the beam inside the light source (100). Light reflected from the target passes through
the optical system (130) or elements. The time of flight measurement is performed by the control
system (160) by using the backscattering time of the light coming to the first detector (111) with
the pulse time of said light source (100). The first detector (111) detector can consist of single
pixel, array or focal plane array type detectors. From the time of flight measurement, the distance

of the reference surface of the target to the LIDAR system is determined by the control system

10
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(160). The position of the detectors and the reflective/transmissive/absorptive optical elements on
the optical axis are changed by the high resolution positioner (140) in subsequent illuminations
and the image of the target is taken. The position of the detectors and the
reflective/transmissive/absorptive optical elements on the optical axis are changed by the high
resolution positioner (140) in the next illumination and the image of the target is taken. The
illumination and imaging process are repeated for a predetermined or undetermined number of
different high resolution positioner (140) positions. Each high resolution positioner (140) position
will correspond to a different depth on the target. The optical system (130) uses its optical
properties to calculate the depth information on the target (150) to which each high resolution
positioner (140) position corresponds. The images obtained for N different target depths
corresponding to N high resolution positioner (140) positions are processed by the control system
(160) along with the high resolution positioner (140) position information to obtain different
depth information on the target. The entire system shown in Figure 6, the light source (100) or
optical system (130), the first detector (111) and the first reflective/transmissive/absorptive
optical element (121) can be rotated in the desired direction together or independently. In this
manner, horizontal or vertical scanning can be performed. The entire system described in Figure
6 can be produced as an array. Or the optical system (130), the first detector (111) and the first
reflective/transmissive/absorptive optical element (121) can be produced as a layered array. Or
the spatial scan can be performed optically and/or electronically by using the array detector or a
detector with a focal plane array structure for the first detector (111). Optical and/or electronic
scanning position information controlled by the control system (160) can be used to generate a 3-

dimensional image in combination with depth information calculated by the control system (160).

According to Figures 7 and 8, the operation of the system is as follows. The light source (100)
controlled by the control system (160), illuminates the target (150) to be imaged for a
predetermined or undetermined period of time. Other optical components may be present to steer
or collect the beam inside the light source (100). Light reflected from the target passes through
the element or elements in the optical system (130). The time of flight measurement is performed
by the control system (160) by using the backscattering time of the light coming to the first
detector (111) with the pulse time of the light source (100). From the time of flight measurement,
the distance of the reference surface of the target to the LIDAR system is determined by the

11
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Control System (160). The position of the first detector (111) and the first
reflective/transmissive/absorptive optical elements (121) on the optical axis are changed by the
high resolution positioner (140) in subsequent illuminations and the image of the target is taken.
The position of the first detector (111) and the first reflective/transmissive/absorptive optical
elements (121) on the optical axis are changed by the high resolution positioner (140) in the next
illumination and the image of the target is taken. The illumination and imag process are repeated
for a predetermined or undetermined number of different high resolution positioner positions.
Each high resolution positioner position will correspond to a different depth on the target. The
optical system (130) uses its optical properties to calculate the depth information on the target to
which each high resolution positioner (140) position corresponds. The images obtained for N
different target depths corresponding to N High Resolution Positioner (140) positions are
processed by the Control System (160) along with the High Resolution Positioner (140) position
information to obtain different depth information on the target. The entire system shown in
Figure 8, the light source (100) or the elements (130, 111, 121) can be rotated together or
independently. In this manner, horizontal or vertical scanning can be performed. The entire
system described in Figure 4B can be produced as an array. Or the optical system (130), the first
detector (111) and the first reflective/transmissive/absorptive optical element (121) can be
produced as a layered array. Or the spatial scan can be performed optically and/or electronically
by using the array detector or a detector with a focal plane array structure for the first detector
(111). Optical and/or electronic scanning position information controlled by the control system
(160) can be used to generate a 3-dimensional image in combination with depth information

calculated by the analog and/or digital control system (160).

12
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CLAIMS

1. A LIDAR imaging system, that comprise at least one light source (100) which enables

illumination of the target (150) to be imaged, developed to obtaine high resolution depth
information. Its characterization and comprises are;

At least one optical system (130) that enables steering or collecting the beam that
reflected from said target (150,

At least one first reflective/transmissive/absorptive optical element (121), second
reflective/transmissive/absorptive optical element (122), third
reflective/transmissive/absorptive optical element (123), forth
reflective/transmissive/absorptive optical element (124) that enables the beams that
reflected over said target (150), to reach the detectors by passing through the optical
system (130),

At least one detector that detects the illumination time of said light source (100),

At least one detector that detects the receiving time of the light reflected back from the
target (150),

At least one first detector (111), second detector (112), third detector (113), fourth
detector (114) that detect the light reflected back from the target (150),

At least one control system (160) that performs the time of flight measurement by using
the return time of the light with the information coming from said detectors and that
determines the distance from the reference surface of the target (150) to the LIDAR

system.

. A high resolution LIDAR imaging system according to claim 1, characterized in that the

light source (100) has a multiple pulsed laser and/or CW laser and/or LED and/or

fluorescent and/or another light source.

. A high resolution LIDAR imaging system according to claim 1, characterized in that the

light source (100) has a structure that provides the pulse time information.

13



10

15

20

25

WO 2023/048687 PCT/TR2022/051024

10.

11.

A high resolution LIDAR imaging system according to claim 1, characterized in that the

light source (100) has a detector that detects the pulse time information.

A high resolution LIDAR imaging system according to claim 1, characterized in that it

has a focuser and/or diffuser and/or scanner and/or signal shaper.

A high resolution LIDAR imaging system according to claim 1, characterized in that the
detectors (111, 112, 113, 114 ... 11N) comprise at least one photodiode and/or
phototransistor and/or thermal detector and/or single photon detector and/or avalanche

detector and/or photon counter and/or detector array and/or focal plane array.

A high resolution LIDAR imaging system according to claim 1, characterized in that the
reflective/transmissive/absorptive optical elements (121, 122, 123, 124 ... 12N) comprise

at least one 1ris.

A high resolution LIDAR imaging system according to claim 1, characterized in that the
reflective/transmissive/absorptive optical elements (121, 122, 123, 124 ... 12N) comprise

at least one pinhole and/or selective pass filter and/or selective gradient filter.

A high resolution LIDAR imaging system according to claim 1, characterized in that the

optical system (130) comprises at least one refractive optic element for the spatial scan.

A high resolution LIDAR imaging system according to claim 1, characterized in that the

optical system (130) comprises at least one reflective optic element for the spatial scan.

A high resolution LIDAR imaging system according to claim 1, characterized in that the

control system (160) has an analog structure.
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12,

13.

14.

15.

16.

17.

A high resolution LIDAR imaging system according to claim 1, characterized in that the

control system (160) has a digital structure.

A high resolution LIDAR imaging system according to claim 1, characterized in that it

comprises at least one computer.

A high resolution LIDAR imaging system according to claim 1, characterized in that it

comprises at least one power source.

A high resolution LIDAR imaging system according to claim 1, characterized in that it

comprises at least one drive circuit.

A high resolution LIDAR imaging system according to claim 1, characterized in that it

comprises at least one readout circuit.

A LIDAR imaging system developed by obtaining high resolution depth information
comprising at least one light source (100) that enables illumination of the target (150) to
be imaged, characterized in that it comprises;

At least one optical system (130) that enables the beam reflected from said target (150) to
be steered or collected,

At least one first reflective/transmissive/absorptive optical element (121) that enables the
beams reflected over the said target (150) to reach the detectors by passing through the
optical system (130),

At least one control system (160) that performs the time of flight measurement by using
the return time of the light coming to the first detector (111) with the illumination time of
said light source (100) and that determines the distance from the reference surface of the
target to LIDAR system from the time of flight measurement,

At least one high resolution positioner (140) that allows the measurement of different

depths over the target (150) by changing the position of detectors and

15
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18.

19.

20.

21

22.

23.

24.

25.

reflective/transmissive/absorptive optical elements on the optical axis in subsequent

tlluminations.

A high resolution LIDAR imaging system according to claim 17, characterized in that the
light source (100) has at least one multiple pulsed laser and/or at least one CW laser

and/or LED and/or fluorescent and/or another light source.

A high resolution LIDAR imaging system according to claim 17, characterized in that it

has a structure that provides the pulse time information of the light source (100).

A high resolution LIDAR imaging system according to claim 17, characterized in that it

has a detector that detects the 1llumination time information of the light source (100).

. A high resolution LIDAR imaging system according to any of the claims 17-20,

characterized in that the light source (100) comprises a focuser and/or diffuser and/or
scanner and/or signal shaper and/or photodiode and/or phototransistor and/or thermal

detector and/or photon detector and/or avalanche detector and/or photon counter.

A high resolution LIDAR imaging system according to claim 17, characterized in that the

detectors (111) comprise at least one focal plane array.

A high resolution LIDAR imaging system according to claim 17, characterized in that the
reflective/transmissive/absorptive optical elements (121) comprise at least one iris and/or

selective pass filter and/or pinhole filter and/or selective gradient filter.

A high resolution LIDAR imaging system according to claim 17, characterized in that the

optical system (130) comprises at least one reflective optic element for spatial scan.

A high resolution LIDAR imaging system according to claim 17, characterized in that the

optical system (130) comprises at least one refractive optic element for the spatial scan.
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26.

27.

28.

29.

30.

31.

A high resolution LIDAR imaging system according to claim 17, characterized in that the

control system (160) has an analog structure.

A high resolution LIDAR imaging system according to claim 17, characterized in that the

control system (160) has a digital structure.

A high resolution LIDAR imaging system according to claim 17, characterized in that it

comprises at least one computer.

A high resolution LIDAR imaging system according to claim 17, characterized in that it

comprises at least one power source.

A high resolution LIDAR imaging system according to claim 17, characterized in that it

comprises at least one drive circuit.

A high resolution LIDAR imaging system according to claim 17, characterized in that it

comprises at least one readout circuit.
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