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ABSTRACT

Due to the growing threat of a wide range of unmanned aerial vehicles (UAVSs), including consumer micro-drones that
are increasingly used for defense purposes, the need to develop active and passive countermeasures against armed and
intelligence gathering UAVs has been identified in order to increase force protection, critical infrastructure resilience,
and information security. Several counter-drone solutions have been reported. To accomplish the task of UAV
localization, in addition to electro-optical detection and tracking, we consider the distance determination as a
fundamental task for stand-alone observation stations. Laser Ranging is one of the promising tools and currently widely
used in determination of distance to large objects or slow-moving targets.

Within the scope of this paper we are going to evaluate the features and limitations, when applying it for performing
laser ranging on UAV. As a target, we are using a typical representative of commercial micro UAV. In this paper, we
will present theoretical analysis and experimental results of UAV laser range measurements under realistic
environmental conditions. Investigations about the laser transmitter signal are included. We are going to describe
qualitative results of laser ranging at different operational modes. Research is based on ranging micro UAV from
different directions and various distances. To estimate the maximum ranging distance on the limits of our system, we are
going to apply an artificial scaled reference target. This target creates the same optical reflectance cross section as our
commercial micro UAV with a given distance.

Keywords: laser rangefinder, laser ranging, drone, UAS, UAV

1. INTRODUCTION

Due to easy and convenient control small unmanned aerial vehicles (UAVS) are widely used within the last decade. Civil
groups, commercial companies and military operators still developing new and fascinating applications for the future.
This high amount of diverse applications represents an increasing challenge for aviation and ground safety. Faulty
operations caused by pilots, malfunctions of UAVs or even terroristic attacks result in new threats and hazards. To
protect an area the approaching UAVs have to identify just in time to start effective countermeasure. The usual practice
can be divided in three steps I ) surveillance and first detection Il ) tracking, localization, classification and identification
I11) situational and scalable intervention and documentation. In this paper we are looking to the localization level.

To obtain the position of UAVs in geographic world coordinates (World Geodetic System 1984, WGS84) optical
instruments are well-known measuring technique. Thereby, optical detection methods could be used also against
autonomously flying UAS without any RF signal communication or emission. Calibrated images recorded by cameras
mounted on oriented pan-tilt-units are suited to get azimuthal and elevational angles relative to the observer position.
Condition precedents are high resolution optical angle encoders which are integrated in azimuthal and elevation motor
drives. Potential lens aberrations have to be minimized or calibrated to get high-precision angular information. Both
angle values have to be merged in a synchronic way for both axes.

Starting with an astronomical mount (shown in figure 1) their included high accuracy encoders are best suited. Because
these types of mounts have usually limited drive torque, very agile and high speed UAV representatives like racing
drones are hard to track within short distances. That’s why additional enhancements were done for performance and
accuracy improvement. The overall system accuracy was determined to 25 prad, only limited by atmospheric turbulence
induced beam jitter [1].
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For determination of UAV 3D position within a range of 3 km additional information will be necessary. Therefore
triangulation techniques execute angular measurements from another point of view, where distance between the observer
facilities defines the triangulation base line. But under the restricted condition of a single test site, only a range
measurement can provide the missing facts. Laser rangefinders are widely used to measure the distance to varied targets.
To get valid measurements the laser transmitter has been directed to hit the target. It is straight forward to use the
tracking mount for this alignment. Figure 1 shows the laser rangefinder integrated on our optical tracking platform.

] L\ N B Q : .
Figure 1. Left: Mobile housing of UAV tracking and ranging system. Right: from left-to-right: tracking camera with tele
lens, laser rangefinder, wide field survey camera.

A wide choice of commercial-of-the-shelf laser rangefinder is available on the market. Most of the devices are advertised
to achieve maximum range of 10 km or more. Maybe that’s true for large and static targets but micro UAVs diameter
could be sometimes below 10 cm. Such small geometric cross sections reflect only a fraction amount of the laser
transmitter power resulting in insufficient signal-to-noise ratio. To make matters worse the target will not be fixed in the
air. In real life UAVs are very agile objects and can change his flight direction unpredictable with high acceleration. It
has to be ensure that the small laser rangefinder footprint hit the target continuously and reliable.

Therefore laser rangefinder have installed on an appropriate pan-tilt-unit. By means of a powerful control system the
pan-tilt-unit has to be directed the rangefinder to the UAV target always with high accuracy. Residual tracking errors
have to be within the rangefinder footprint at the target zone or cause an additional fine steering device. Laser
rangefinders must be eye safe in every operation state. Therefore laser pulse energy and repetition rate are always limited
also in the short wave regime at 1550 nm. To extent the maximum range a small laser transmitter divergence is
reasonable.

That results in a smaller laser footprint at the target zone. Consequential a more precise tracking is required. A larger
laser rangefinder receiver aperture is limited not only by weight and space requirements but also by detector area and
field of view. Many efforts were done to implement advanced algorithms to analyze the received signals using curve
fitting or averaging methods.

In the next section we derive laser detection and ranging (LADAR) equations for the introduced UAV scenario. Previous
work [2] was presented calculating and simulating the maximum range of laser rangefinders to UAV targets. We
complement these results taken into account laser transmitter beam profile and propagation impact due to atmospheric
turbulence. Theoretical analysis and estimations are compared with UAV laser range measurements under realistic
environmental conditions at DLR free space optical test range.

2. LASER-RADAR EQUATION
From the classic radar equation the power of reflected light, which is detected by the detector will be [3]:

Adetector
2mR?

Pdet - PTar (1)

Proc. of SPIE Vol. 11538 1153809-2

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 17 Nov 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Where A qrector 1S the area of the detector, R is the distance between the transmitter and the target and Py, is the power
arriving at the target. The reason for using laser for rangefinder is that a laser can emit high power light, which is almost
collimated with small beam divergence. Therefore, with respect to the range to be measured, the beam of the transmitted
laser has to be either totally or partially reflected by the target [4].

In order to measure the time of flight, an objective lens with diameter D is used to collect the reflected light onto a
photodetector. There are two options: either the beam size is smaller than the target (i.e. totally reflected) or bigger than
the target area (i.e. partially reflected). If the transmitted beam is totally reflected by the target (e.g., R is small), then we
get:

PTar:Pt (2)

Where P; is the power at the transmitter. By regarding the lens diameter as the detector area and taking equation (2) into
account, equation (1) can be rewritten as

DZ
8R2

Pyer = Py (3)
However, for long range measurement the transmitted laser beam diverges such that its size becomes larger than the
target area. Thus, the beam is just partially reflected by the target. In this case the target reflects only a portion of the
transmitted power. Assume that the transmitted light has a half angle of beam divergence 6. For small 6, the area
covered by the light cone at distances R is m(6R)? and the power reflected by the target can be written as

A

Pror = —omi 4)
Where A is the area of the target that reflects the transmitted light beam. With that equation (3) becomes
D%A
Paer = 5z P ©)

According to the cosine law of Lambert, equation (5) must be multiplied with cos¢, which is the angle between the
transmitted beam and the normal of the target [4]. The overall resultant value of cos@ may be approximated by 0.5,
because the target does not have a flat surface but a topographical structure as is common for UAV.

Accordingly, equation (6) reduces to.

D%
" 16me2R4 "t

Pdet (6)
As far the both target and detector components are consider. However, physical attenuation coefficients are missing as:
target reflectance p; optical transmission t, and atmosphere transmission factor given by T = exp(—aR), with a being
the atmosphere extinction coefficient due to absorption and scattering [5].

Consequently, the range equation for a totally reflected target becomes

T?19yD?%p¢
16R?

Pyer = Py )

And the range equation for a partially reflected target can be rewritten as

T?19D%piA
Pger =Lpt (8)

16mH2R*

Equations (7) and (8) are widely known range equations in laser rangefinders [6].
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Both aforementioned equations are somehow taking into account an ideal flat top beam, however, in reality when a laser
beam leaves an optical cavity; its beam has a Gaussian profile. The intensity distribution of the Gaussian beam is defined
as [7]

2P 2p?
1(p.2) = —Z—exp (- ) ©)
Where P ist he total power carried by the beam given by
P = [ I(p,z)2mpdp (10)

The power contained within a circle of radius r;is
Tt

Proy = f I(p, z)2mpdp
0

Pror =P [1 —exp (— ¢ )] (11)

w2(2)

If we consider absence of turbulence for large distances, the beam waist at this distance can be expressed as w(z) = 6R
and since P is P, equation (11) can be rewritten as:

2 2
Prgr = P, [1 —exp (— (9;‘)2)] (12)
By taking equation (8), we replace 2 with [1 —ex (— 2ri )] this yield
! m(OR)? p 6RrR)2/1’
T27yD? 2rf
Pace = oz Pe[1 = exp (= 55 ) (13)

Equation (13) is known as the Gaussian beam range equation [4] which takes into account Gaussian profile of laser light
such that the proposed range equation can be applied to all distances where reflected beam will be partially or totally
reflected.

3. TURBULENCE CONSIDERATION

Due to space limitations, we were unable to test the range beyond 130 m. However, we are looking for a long distance
range so atmospheric turbulence has to be considered. Turbulence increases the beam radius and then it affects the
ranging capability of our system.

First we consider the propagation of the beam without turbulence, then the beam radius become:

W =w, [1 (2 )2]% (14)

kwg

Where W, is the beam radius at transmitter, R is the distance, k = 2m/A is the optical wave number and A is the
wavelength. For long distances i.e. R » Zy (Rayleigh length),Z, = %kWO2 equation (14) can be approximated to:

Where 6 = # is the divergence beam, and equation (15) can be used as a good approximation for long distances.
0
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Figure 2 shows that for short distances equation (15) presents a gap which is decreasing when the distance increase. But
we are looking for the limitations of our system in the kilometer regime; therefore equation (15) is going to be used also
for the analysis of the laser-radar equation presented in the last section.

Knowing the beam radius in absence of turbulence, we have taken the conventional Rytov theory from Andrews and
Philips, which leads to the long-term spot radius [8]:

1/2

5/6
Wy =W [1 + 1.3305( 2R ) ] (16)

kw2

Where o = 1.23C2k7/6R'/% is the Rytov variance, k = 2m/A is the optical wave number, and / is the wavelength. We
can use the refractive index structure parameter C?2 to simulate how strong the influence of turbulence will be. Along our
measuring path we have installed a scintillometer. During the ranging tests it measured C2 in the order
between 10713 and 10~** m~2/3. For our simulation we have used a constant value of 10~**m~2/3 in order to simulate
strong turbulence.
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Figure 2. Beam radius size propagation, for small distances R, near Rayleigh zone.

As shown in Figure 3, equations (14), (15) and (16) were plotted in the graph for distances up to 3 km. The blue curve
which corresponds to equation 1 is behind the green one that shows that equation (16) is a good approximation. It can be
seen as well that the beam radius after 3 km propagation will be around 52 cm without turbulence and 58 cm if we
consider strong turbulence. This difference of 6 cm is going to have an impact on the laser-radar equation therefore it is
important to consider it.
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Figure 3. Beam radius comparison between free space and propagation under atmospheric turbulence in function of the distance.

For the beam radius simulation we have consider all the parameters of our actual IR pulse laser. However if we would
like to build up our own ranging system we have to simulate different initial conditions. The following table shows the
influence of turbulence and propagation for different beam radius at transmitter, bigger beam radius at transmitter
corresponds to smaller divergence beam.

Table 1. Beam radius after 1 km for different transmitted beam radius W,. Tested system (red row), another system available on
the market (green row)

Wy[mm] W [cm] Wir A [mm] Dist. [m] for
w W = 15cm
15 32.7 1.015 4.8 459
2.8 17.5 1.04 7.3 967
3.9 12.5 1.07 9 1195
5.6 8.77 1.13 111 1713
7.5 6.58 1.19 13 2293

These examples allow having an idea of which system fits better for our purpose. As shown in Table 1, for larger
W, the beam size after a kilometer of propagations becomes smaller in comparison with smaller W, but the impact
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of turbulence is stronger as well. The example in red is our actual system with the specifications aforementioned and
the green one is the last version of rangefinder system that Noptel offers. In the future we are planning to acquire it
because it has better features which will have an advantage on UAV detection.

4. LASER RANGEFINDER SYSTEM

As rangefinder system we have used a commercial device from the company Noptel, as shown in Figure 4. This device
consist of an infrared pulse laser at a wavelength of 1540 nm, an avalanche photodiode (APD) and a laser pointer (CW)
with a wavelength of 633 nm used for alignment. The system includes a serial communication for system control and
data acquisition.

Figure 4. Laser rangefinder LRX-25A from the company Noptel used for UAV ranging.

4.1 Rangefinder Principal Features

In order to find out the limitation of ranging UAV, the main characteristics have to be well known. On the following
table shows the main features of the rangefinder system.

Table 2. Principal features of the Laser Rangefinder LRX-25A

Performance Units Value
Characteristics
Ranging Capability m 32000
Precision m 0.5
Wavelength nm 1540
Measured output modes Hz 1,4,10,20,100,200
Weight g 136
Beam divergence mrad 0.35
Detector field of view (FOV) mrad 3
Beam quality - 1.2
Laser safety class - 1

These features are important to understand the operating principle of the system, and they will help to perform a
simulation in order to estimate the maximum range at which an UAV can be detected. However for a deeper
understanding we need to characterize the pulse laser.
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4.2 Infrared pulse laser
By using an oscilloscope and energy meter, the pulse shape and the pulse energy were measured. As shown in Figure 5,
the pulse width is about 5 ns and the pulse energy has a maximum of 50 pJ. That means that each pulse has peak power

of 10 kW. This is an important consideration for the laser radar equation.
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Figure 5. Laser pulse characteristics: pulse width and pulse energy of a single pulse.

4.3 Operating modes

The laser rangefinder has 7 operating modes with different repetition rates. The first is a single measurement
mode (SMM) which only measures once under request. Then we have 6 continuous measurement modes. They provide
different rates of measured value output up to 200 Hz (1, 4, 10, 20, 100, and 200 Hz). In each mode the pulse peaks are
constant. With a lower output rate, more pulses are sent for one measurement output. For example as shown in Figure 6,
for a frequency of 100 Hz, the system sends 2 pulses every 10 ms (100 Hz) and for a frequency of 20 Hz, it sends 12
pulses every 50 ms (20 Hz). It is important to note that the interval between each pulse in a measurement is 1 ms, which

means that the maximum operation of the system is 1 kHz.

1
1
1
1
I
i

P1:ampl(CT) Pafreq(C1) PIMAK(CT)  P4ddelay(C1,C4)  PSmedian(C1y PBIMIN(C)

1
I
+
1
1
I
[y
326 my 875.6445 Hz 291 my

PEMIn(C2) Measure

PImax(Cl) PaddelayCl,C4)  Psmedian(C1)
value

P1:ampl(C1) P2fieg(C1)

Measure
278 mv 111.92573 Hz 243 mv

value

Figure 6. Number of laser pulses at different measurement output rates. An output rate of 100 Hz (left) and 20 Hz (right).
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Knowing the characteristics of the operating modes and the pulse, we were able to do some experiments on UAV in
order to find out the limitation of the laser ranging system.

5. RANGING AT DRONES

As a typical representative of commercial micro UAVs we use the Bebop 2 from the company Parrot. For the first
experiment it is fixed with very thin nylon cords about 1 m above the ground and sufficiently far away from other things.
The rangefinder is mounted on our tracking system at a distance of 76 m and can therefore be easily aligned to the target.
With the rangefinder we measure the signal strength. Unfortunately, the ranging systems does not give the received
optical power, instead we get relative signal strength with arbitrary units in a range between 0 and 250. For a signal
strength above 10 we get a valid measurement, therefore we set this value as the threshold of our system. We can relate
this value to a commercial avalanche photodetector which has a minimum noise equivalent power of 0.46 pW/vVHz and
for a 50 MHz detector that arise to a minimum power of 3.3 nW. This value it’s going to be considering in our laser radar
equation later.

As shown in Figure 7, we measure the signal strength at many points along the drone from different perspectives. The
red spot corresponds to the laser beam footprint at a distance of 76 m. By using the tracking system where the
rangefinder is, we could get a measure along the micro drone with a resolution of prad.

e
: . scan axis
laser beam footprint scan axis aser beam footprint
ranging @ 76m-single measurement mode ranging @ 76m-single measurement mode
= 250 = 250
i) =)
5 200 5 200 4
7 7
= 150 = 150 4
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‘w100 ‘@ 100 4
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S 504 £ 504
° threshold el threshold
L : T : : ; T T T = ol : : T T T : : T
-20 =15 -10 -5 0 5 10 15 20 =20 -15 -10 -5 0 5 10 15 20
horizontal displacement [cm] horizontal displacement [cm]

Figure 7. Signal strength along a Bebop 2 at 76 m. from different perspectives: front (left) and one side (right).

The same experiment was performed at different distances and for different repetition rates. The distances at which the
micro drone was measured are 51, 76, 101, 126 meters. All the different repetitions rates were tested and the single
measurement mode as well. The measurements were made several times to have an average value of the measurement. It
can be seen in Figure 8 as expected, that for higher output repetition rates the signal strength decreases, because at higher
frequencies the system sends fewer pulses.

Proc. of SPIE Vol. 11538 1153809-9

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 17 Nov 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



ranging to front Bebop 2 at diff. output rates ranging to side Bebop 2 at diff. output rates
250 x 250 T
. +  SMM . +  SMM
& . 4Hz & . aHz
* e 10Hz * e 10Hz
200 " 4 20Hz 200 " 4 20Hz
= * 100Hz = * 100Hz
g g
+ +
£ 150 2 1 £ 150 s
E : E . 1
2 A =] .
v . o 4
2 100 2 100 D
50 50
threshold threshold
01 . - . - : - - - 0l . - : . - - : -
50 60 70 80 %0 100 10 120 130 50 0 70 80 %0 100 10 120 130
distance [m] distance [m]

Figure 8. Ranging at different repetition rates from different perspectives.

In order to do a proper simulation we need the effective area of our micro drone. Using the size of an image of the micro
drone we can count how many pixels are contained in the effective area of it. Knowing the real size of the micro drone
we can calculate the individual size of each pixel and therefore relate how many square pixels are contained inside the
drone for different perspectives as shown in Figure 9. From the front perspective (Figure 9 left) the total number of
pixels on the white part is 32735 Px, and 1 Px* = 0.00378 cm®. Therefore we obtain and effective area of 123.75 cm*
From the below perspective (Figure 9 right) the total number of pixels on the white part is 330891 Px, and
1 Px*=0.00079 cm®. And the same way we obtain for this case and effective area of 262.15 cm®.

For our simulations of the laser radar equation we are going to use the minimum area i.e. the front perspective. Then we
are always considering the hardest case scenario for the detection of a micro drone.

= |

Figure 9. Calculation of the effective area of the micro drone from different perspectives.
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6. SIMULATION AND RESULTS

The simulation was done by python program to compare the measure values of the detector power as a function range
under differ attenuation coefficients. The values of the laser rangefinder are given in Table 3.

Table 3. Values of the Laser rangefinder system

Symbol Value Meaning
Pt 0.21 Target reflectance
D 25.4 mm Diameter aperture lens
0 0.175 mrad Half angle of divergence
A 0.11*0.11 m? Area of the target
Tt 0.063 m Power contained with a circle
of radius
P, 10 kw Optical transmitter power
T, 1 Optical transmission

Two values of atmospheric attenuation (c) were taken from [9], the values are: 0.043 km™? for very clear sky and

3.17 km™? for very light fog. The following figures show the logarithmic scale plots of the detected power as a function
of the distance R at different weather conditions. Figure 10 shows the simulation used to compare three range equations,
eq. (7), eq. (8) and eq. (13) using numerical data mention above. Figure 10 (left) is for very clear sky and Figure 10
(right) for very light fog. It can be seen in Figure 10 (left) a green point which corresponds to the limit where the laser
beams outshines the target, in our case it is at 358 m. For R < 358 m, equation (7) is valid and only for large R or

R >358 m, equation (8) is valid, however equation (13) of the proposed Gaussian beam range equation is valid for all
values of R.

1072
— footprint<target area ~ 1/R* — footprint<target area ~ 1/R?
1073
103 —— footprint=target area ~ 1/R* —— footprint=target area ~ 1/R*
= Prop. Gaussian beam = Prop. Gaussian beam
10-* ] Prop. Gaussian beam with turb. 1072
= \ =
5 10 5
g 2 10
< 100 e 358 680
L 38 o sensor limit
¢ 10 2 -9
= = 10
&£ &
107 sensor |imit 2030
—11
10 ﬁﬁm\ ’
0 500 1000 1500 2000 2500 3000 0 200 400 €00 800 1000 1200 1400
Distance [m]

Distance [m]

Figure 10. Calculated power at detector as function of the range for two weather conditions: very clear sky (left, atmospheric
attenuation = 0.043 km™) and very light fog (right, atmospheric attenuation = 3.17 km™®)

There is a fourth curve an orange one in Figure 10 (left), this one corresponds to equation (13) but changing w(z) to W
(eg. (3)). That means this curve considers the impact of atmospheric turbulence for the rangefinder system. We have also
considered the limitation of the photodetector; we have taken a commercial, low cost APD model with a noise equivalent
power of 3.3 nW at 50 MHz. The sensor limit was plotted with a green curve in Figure 10 and this curve intersects with
the range equations. For a typical UAV system with size of 11 x 11 cm? we found that our system can detect it at 2030 m
without turbulence and 1957 taking into account turbulence. These results are important because even with strong
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turbulence we could range a drone around 2 km for good weather conditions, however, in case of bad weather conditions
like fog we could only range a drone up to 680 m.

In order to figure out the limitation for different UAV sizes, we have simulated as well equation (13) for different sizes.
As shown in Figure 11, we simulated 3 sizes 5x5, 10x10 and 20x20 cm® By using the same sensor limit and good
weather conditions (very clear sky), we found that a small UAV (5x5 cm?) can be range up to 1.3 km and for a big one
(20x20 cm?), the system allows the detection up to 2.5 km.

107% 5 — 20x20 cm?
—_— 10x10cm*
107 5 — 5x5cm?
E 1']—‘:! -
[
]
T
+ -7
T 10
m
T,
- -8 4
E 10 sensor limit
- 51
1079 1 1305
1019 1
0 500 1000 1500 2000 2500 3000

Distance [m]

Figure 11. Calculated power at detector for different UAV sizes atmospheric attenuation = 0.043 km™ (very clear sky)

In order to substantiate the prediction of the Gaussian beam range equation, we decided to conduct a scaling experiment
due to the range limitation. This last experiment was performed with plastic parts of different sizes, whose reflectivity is
quite similar to that of our target drone. The following table shows the size and the total area of each plastic piece which
was used for the experiment. The experiment was performed at 100 and 120 meters.

Table 4. Size and area of the white plastic pieces

Size of the piece (mm) Area (cm?)
52 x 74 38.5
37 x 26 9.62
18 x 13 2.34
9x6 0.54
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As shown in Figure 12, the relative signal strength was measured at 100 and 120 meters for these four plastic pieces.
Equation (13) was used to fit the measured data, with constant R and varying the value of r;. It can be seen that the limit
of the system is the smallest piece of 9 x 6 mmZ.

200 4 +« measured data
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Figure 12. Signal strength measurement at different target sizes

For this piece the relative signal strength of the system was 10, where the threshold starts. Taking into account that at
100 m the size of the beam has a diameter of 35 mm; the relation between the area of the small piece and the area of the
beam at 100 meters is about the 5.6%. By calculating the effective area of our drone from a front perspective by
calculating the number of pixels in the image and the size of each pixel we conclude that the effective are of it is about
123 cm®. Using the same reference of 5.6% of the area, that means that the beam diameter has to be around 26.5 cm,
which we find it when the beam propagates near 1.5 km.

Under this scaling experiment and our theoretical simulation, we found out that for a commercial UAV as the Bebop 2
our system is capable of detecting it in the range between 1.5 and 2 km. To corroborate this we have to make real
scenario field measurements.

7. CONCLUSIONS AND FUTURE WORK

In conclusion, the first condition to achieve proper range detection is to hit the target every time. We could show that the
Gaussian beam range equation (13) is the best approach at all distances for a laser rangefinder. Low cost commercial
UAYV systems vary in size depending on the brand, but the most commonly used types are micro drones such as the
Bebop 2. From the scaling experiment and the simulation from range equation we can conclude that the maximal
attainable range of our commercial ranging system for the presented micro drones presented is about 1.5 to 2 km.
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Such localization capability would be very useful near airport zones were intruder UAV could be flying around. In order
to improve our ranging systems some parameters have to be optimized. First the use of small beam divergence allows
reaching further distances for the same target size, a larger aperture detector collects more back light which increase the
number of photons required for the APD to get a valid signal. By using stronger peak power also increase the number of
photons per pulse and so on we can reach further detection, however we have to consider a limit power to not be outside
of the eye safe limit. And a last parameter is implementation a smart signal analysis this parameter is considered in case
we want to build up our own laser range finder system.

We have also noticed that the impact of atmospheric turbulence is an important parameter to be considered especially for
long distance ranging. So here we have a bottleneck where we have to optimize the beam transmitter radius because
larger beam transmitter means smaller divergence but at the same time a stronger influence of turbulence.

As a future project we want to add to the system a tip/tilt piezo electric, attached to the range finder. It that way we can
achieve a fine tracking for the laser ranging. This will allow to increase the hit rate for fast moving targets or when the
target are very near to the detector system.
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