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Abstract. This article discusses the main technical features of the LIDAR technology and work 
with the output data of the LIDAR sensor. We considered the main technical characteristics of 
the sensor company Velodyne. The main area of consideration was the output data packet of the 
VLP-16 sensor. Such a data packet contains a cloud of points, their coordinates and 
characteristics and is transmitted via the UDP protocol. The main goal of the work was to develop 
a decoding algorithm for raw data for use in other software. 

1.  Introduction  
Lidar (now used as an acronym of Light Identification Detection and Ranging) is a technology for 
obtaining and processing information about distant objects by means of active optical systems that use 
the phenomena of absorption and scattering of light in optically transparent media. To a first 
approximation, lidar as a device is an active rangefinder of the optical range. In machine vision systems, 
scanning lidars form a two-dimensional or three-dimensional picture of the surrounding space, which 
can also be used for mapping of a given space. 

Lidar uses a light transmitter that sends a short pulse of a laser beam in one direction. The light wave 
passes through space until it hits the target, reflects and returns. The receiver records the flight time and 
light intensity. After that, the flight time is calculated. The relationship between time, speed and the 
distance to the target can be expressed by the following equation: 

݀ = ௧ି௧ᇲ

ଶ
∗ ܿ,                                                                (1) 

where d is the distance to the target, t is the flight time, t’ is the start time of the beam, c is the speed 
of light propagation in the medium.  

In expression (1), the total time is divided by 2 because the light takes the same path twice. 
This article discusses LIDAR VLP-16 by Velodyne. 
Velodyne VLP-16 is an intelligent sensor that has its own internal processor and network interface. 

It provides data via the Ethernet interface over UDP protocol. 
The VLP-16 has 16 vertically arranged channels with a transmitter / receiver pair on each channel. 

Lasers rotate through 360o around the vertical axis. The range of the vertical field of view is 30°, which 
means that the distance between each pair of rays is 2°. The maximum measurement distance is 130 m 
(found experimentally); this corresponds to obtaining 300,000 scanned points per second. 

Table 1 presents the main technical specifications of the VLP-16. 
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Table 1. Technical Specifications of the VLP-16. 
Title of the 
product 

Numb
er of 
worki
ng 
chann
els 

Measur
ement 
range 

Measur
ement 
accurac
y 

Angle of view Rotary 
speed 

Angular resolution 

Vertica
lly 

Horizont
ally Vertica

lly 
Horizo
ntally 

VLP-16 16 Up to 
100 m 

3 cm 30о 360о 5–20 hz 2о 0.1о 

Each laser has its own angle of shift relative to the vertical axis. This arrangement of angles prevents 
interference of light and other interference [1–3]. Figure 1 and Table 2 present the values of degrees 
with the corresponding laser numbers. 

Table 2. Numbering of laser beams with the corresponding direction. 
Number of laser Angle of direction shift, о Number of laser Angle of direction shift, о 
0 -15 8 -7 
1 1 9 9 
2 -13 10 -5 
3 3 11 11 
4 -11 12 -3 
5 5 13 13 
6 -9 14 -1 
7 7 15 15 

 
Figure 1. Vertical range of VLP-16. 

2.  Sensor data packeges 
Data packages contain the following components: 

1) 3D-data measured by the sensor; 
2) the calibrated reflectivity of the surface from which the light pulse returned;  
3) a set of azimuths; 
4) 4 byte timestamp  
5) 2 factory bytes identifying the sensor model and the mode of operation  

The sensor transmits information about the distance relative to its position in spherical coordinates 
(r is the radius, ω is the height, α is the azimuth). Conversion from spherical to Cartesian coordinates is 
performed using the following formulas: 

ܺ = ܴ ∗ cos(߱) ∗ sin(ߙ) 
ܻ = ܴ ∗ cos(߱) ∗ cos(ߙ)                                                       (2) 
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ܼ = ܴ ∗ sin(߱). 
Figure 2 show the relationship of the spherical coordinate system and the Cartesian coordinate 

system. 

 

Figure 2. Spherical coordinates of the point. 

Azimuth is 2-byte value; it is an angle in hundredths of a degree. The valid azimuth value is from 0 
to 35999. One azimuth value is transmitted per data block. 

A data block consists of 100 bytes of binary data: 
- two-byte flag (0xFFEE); 
- two-byte azimuth; 
- 32 data points. 
The result of measuring the distance with a single laser channel may be called as a data point out of 

a cloud of points. The data point is represented in a packet in three bytes — two bytes of distance and 
one byte of the calibrated reflectivity. The distance is an integer without a sign. Calibrated reflectivity 
is reported using a scale from 0 to 255.  

3. Decoding the Velodyne LIDAR data packet 
The data packet contains header files, data on distance and angle to the target, and information on the 
reflectivity; these data are transmitted via the UDP Ethernet protocol. There are three modes of data 
transfer: strongest, last, and dual [4, 5]. To implement the decoding method, we select the dual mode 
because in this case the data packets will receive information from two modes of operation at the same 
time. The data packet will consist of 1248 bytes.  

Packet decoding operations can be divided into three parts: azimuth calculation (horizontal angle), 
distance calculation, and conversion to Cartesian coordinate systems.  

After checking the flag file of the block (xFFEE), we can proceed to the calculation of the azimuth. 
First, the system receives two sequences of hexadecimal values. Second, we swap the bytes of the two 
hexadecimal values and combine them together into a two-byte value. Third, we convert the 
hexadecimal value to decimal and divide by 100, thereby obtaining the current value of the azimuth 
(horizontal angle) [6]. 

The first steps to calculate the distance are similar to the azimuth calculations. After receiving two 
sequences of hexadecimal values, we swap them and combine them into a two-byte value and convert 
from hexadecimal to decimal values. The final step is to multiply the decimal value by 2.0 mm. It is 
necessary to decode the distance value for each channel in order to build a cloud of points [7]. 
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VLP-16 uses a spherical coordinate system; therefore, it is necessary to convert the values into the 
Cartesian system. To do this, we use expressions (2). The angle value ω (vertical angle) is a fixed value. 
Table 2 shows the angle vales according to the channel number. 

The value of the angle α corresponds to the found value of the azimuth angle. The value of R also 
corresponds to the already found value of the distance. Thus, it is possible to decode data packets 
transmitted via the UDP protocol [8,9]. 

4. Results 
Let us consider an example of data decoding. 

Using the VLP-16 sensor, we scanned the room and saved the data in pcap format. Figures 3 and 4 
show point cloud and data packets. 

 
Figure 3. Point cloud received using VLP-16. 

 

Figure 4. Data saved in pcap file. 

Azimuth calculation: 
-find azimuth values: 0×0С and 0×89 after flag-bytes 0×FF and 0×EE; 
-swap azimuth values: 0×89 and 0×0C; 
-unite bytes in one value: 0×890C 
-convert the value to decimal: 35084; 
-divide the resulting value by 100; 
As a result, we get the value: 350.84о. 
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Calculation of the distance to the point: 
-find the distance data: 0×EC and 0×04; 
-swap the values found: 0×04 and 0×EC; 
-unite data in one value: 0×04EC; 
-convert the value to decimal: 1260; 
-multiply the resulting value by 2 mm; 
As a result, we get the value: 2520 mm or 2.52 m; 
Reflectivity is equal to 0×13. 
Conversion to Cartesian coordinate system: 
-horizontal angle is found: ߙ = 350.84°; 
-distance to the point is found: ܴ = 2.52; 
-using Table 2, we find the vertical angle corresponding to the 0th channel of the sensor: ߱ = −15°; 
-using formulas (2), we calculate values of coordinates XYZ: 

ܺ = ܴ ∗ sin(∝) ∗ cos(߱) = −0.382 
ܻ = ܴ ∗ cos(∝) ∗ cos(߱) = 2.403 

ܼ = ܴ ∗ sin(߱) = −0.652 

5. Summary 
As a result of the work, the space was scanned using the VLP-16 sensor and data were obtained in the 
form of a cloud of points and hexadecimal values containing information about this cloud of points. 
Using the developed algorithm, one can obtain the coordinates of each point at any time in the 
Cartesian coordinate system. In the results section, step-by-step calculation of the parameters of points 
for obtaining the final coordinates is shown. In further work, the device will be designed for decoding 
and converting LIDAR data in real time. 
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