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EXECUTIVE SUMMARY 

This document is part of work package 3 and aims at describing software integration. It covers ULP 

platform description as well as available resources. Video detection software activity is documented in 

terms of: 

� Global architecture 

� Software architecture 

� Software functionalities 

� Interfaces description 

Development status is also documented. 

The document also covers ULP boards and reconfigurable antenna module software development. 

Last, lessons learnt as they could be defined at the time of this document are also covered. 
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1 WP3 CONTEXT 

1.1 TRAFFIC MONITORING SCOPE AND OBJECTIVE 

As described in D2.1 [1], the objective is to provide to the road managers the capability to detect the road 

events or the singularities from energy autonomous and wireless communicating system, in particular to 

monitor peri-urban or isolated where facilities (energy grid, wired communication network) are not 

available. OPERA will supply a solution combining ultra-low power video sensor and micro servers, 

ultralow advanced software and ultra-low power communication system. 

The ultra-low power software is expected to support four use cases: 

- The embedded automatic and real time detection of congestion, to send a real time alarm to the 

traffic road management centre (combined with a temporary video stream for dispelling doubt). 

Software has to be able to analyse road traffic to detect the traffic congestion. 

- The embedded automatic and real time detection of a wrong way vehicle, to send a real time alarm 

to the traffic road management centre (combined with a temporary video stream for dispelling 

doubt). Software has to be able to distinguish any type of wrong way vehicle from the right way 

vehicle. 

- The detection of a cycle in a dangerous area to send a real time alarm to a local variable message 

signs.  

- The counting of cycle to transmit periodically cycle counting data to the road management centre.  

In cycle detection and counting cases, the software has to be able to detect any cycle, and to distinguish 

a cycle from cars, pedestrian, moped or motorbike. Ideally the software would distinguish a cycle from 

electrical bikes, but it is a very ambitious target which is not likely feasible and will not be demanded. Also, 

with respect to specific criteria, the software is expected to offer a decision making capability between 

whether a local process of input images, or an offloading remote feature should be used. This feature is 

operated from a remote Moonshot server to carry out the image analysis if this cannot or should not be 

done locally (e.g. cycles pack, consumption optimisation). The server, having more power, will take care 

of further image processing for a more accurate counting. This process of off-loading the computation 

from the local device to the remote server will exploit the computing continuum provided by the OPERA 

project. 

The software has to be able to detect these events or singularities in any environmental conditions that 

could happen in interurban or mountains roads. 

The software has to remain capable of detecting traffic congestion, wrong way vehicle or cycles under 

most meteorological conditions (e.g. sun rise, full sunshine, overcast, rainfall, wind, shadows due to 

vegetation, building, relief, etc.) or under traffic conditions (dense or fluid traffic, high or low traffic, cars 

or heavy goods traffic, overtaking vehicles). The software has to be able to detect these events or 

singularities under the combined meteorological and/or traffic conditions. 

Moreover, the software has to remain capable of detecting traffic congestion and wrong way vehicle 

during night or under winter conditions (freezing, snowfall, fog). However, the detection of a cycle is not 

requested under these conditions: it requires prohibitively high-energy consuming infrared light emitter, 

where there is no critical issue considering that the traffic cycle is very low or non-existent during night or 

winter condition in interurban roads. 
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2 SYSTEM ARCHITECTURE 

2.1 GLOBAL USE CASE ARCHITECTURE 

This work package 3 is devoted to the implementation of a completely autonomous video surveillance 

system capable of detecting specific events in a road-monitoring scenario, transmitting alerts, information 

related to the event and video streams reporting the event. 

The associated use case design will be based on an ultra-low power computing device and an innovative 

transmission mechanism based on reconfigurable antennas, as well as software algorithms for video 

detection.  

The global use case architecture is defined below: 

 

Figure 1 - Global traffic monitoring use case architecture 

On one hand, the system, as shown in Figure 1, is composed of the following elements: 

� Camera box (designed by Teseo) located on top of the pole including: 

o SecSoC board (designed by ST) embedding software code for video detection (designed by 

Neavia) 

� Communication box 

o Reconfigurable antenna board (Nucleo board designed by ST and modified by ISMB) 

o Reconfigurable antenna (designed by ISMB) 

� Electrical box located on the bottom of the pole for Neavia dedicated development need including: 

o Mini PC (supplied by Neavia) 

o 3G router (supplied by Teseo) + SIM card (supplied by LD38) 

On the other hand can be found: 

• Site 2 

o Receiving antenna (ISMB) 

o Receiving Nucleo board (ST, ISMB) 

o Raspberry collecting and streaming data to the server (supplied by ISMB) 
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• Remote Moonshot server storing data and doing further analysis (hosted by LD38, supplied by HP) 

The following detection scenarios have been selected for this use case: 

� Congestion detection 

� Wrong way detection 

� Cycle detection and global counting 

2.2 ULP PLATFORMS 

Two different ULP platforms will be used during the project to investigate different approaches of the 

scene analysis. At first, the SecSoc board is used in congestion and wrong way detection use cases, using 

a more classical approach. The cycle detection and counting will be implemented with the Orlando board, 

the latter allowing the use of an advanced feature: Convolutional Neural Networks. 

Both SecSoC and Orlando are similar enough so that the system architecture remains the same. 

2.2.1 SecSoc platform 

2.2.1.1 SecSoc platform architecture 

The ST SecSoC platform has already been described in D3.5 [2]. 

2.2.2 Orlando platform 

2.2.2.1 Orlando platform architecture 

The STMicroelectronics Orlando platform is a prototype in FD-SOI 28nm silicon process technology that 

has recently demonstrated [STM-ISSCC17] state-of-the-art power consumption vs. computational power 

efficiency of 2.9 TOPS/W on realistic CNN configurations. The Orlando device is a configurable, scalable 

and design time parametric Convolutional Neural Network Processing Engine powered by an energy 

efficient set of CNN HW convolutional accelerators supporting kernel compression, also including a power 

efficient array of DSPs to support complete real-world computer vision applications and an ARM-based 

host subsystem with peripherals. 

For more details on the ST Orlando platform, please refer to D3.6 [3]. 

2.2.2.2 Orlando SW development 

The Orlando platform is based on the same family of DSPs as the SecSoC, so it uses the same toolchain 

and simulator as the SecSoC. Also, the IPU of the Orlando is derived from the IPU of the SecSoC with new 

functionalities, so most of the expertise gained with the SecSoC can be reused with the Orlando. 

If necessary, ST will organize a training for the Orlando similarly to what has been done with the SecSoC. 

2.3 WIRELESS COMMUNICATION AND RECONFIGURABLE ANTENNA COMPONENTS 

This section introduces the hardware and software components involved in the realization 

of the proposed system, with special attention to the ULP SoC-based radio platform, the designed 

antenna, and the developed firmware respectively. 

2.3.1  Nucleo Board and Radio Module 

The STM32 Nucleo platform is a ULP Advanced Reduced instruction set computing Machine (ARM)-

based microcontroller programmable on-the-fly by means of a firmware. This selected platform is 

depicted in Figure 2. This solution provides fast prototyping and flexibility since: 

� has a comprehensive software library that can be easily included in a standard ANSI C program 
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� provides the standard General Purpose Input/Output (GPIO)s to interface external radio 

modules, as the IEEE 802.11 b/g, LoRaWAN and other SoC radios 

� offers Input/Output pins that can be configured as DACs, Pulse Width Modulator (PWM)s and 

switches, optimum control signals for reconfigurable antennas 

The STM32 Nucleo board has been selected since it provides a flexible way to build prototypes faster, by 

exploiting a STM32 microcontroller, choosing from the various combinations of performance, power 

consumption and features. 

 

Figure 2 - Nucleo-L476RG board 

The radio module, depicted in Figure 3, is based on a low-power IEEE 802.11 b/g SoC which expands the 

STM32 Nucleo boards with wireless capability. This wireless module integrates a PGA and a power 

manager which control the active, sleep and standby states of the radio. The module can operate as a 

base station (server) and sensor node (client) in all possible wireless mode, like access point, ad-hoc and 

infrastructure mode. 

For more details on both Nucleo and radio module, please refer to D3.5 [2]. 

 

Figure 3 - X-NUCLEO-IDW01M1 WiFi board 
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2.3.2 Antenna 

The antenna realized for the first validation is composed by two parts, i.e. the radiating elements, 

depicted in Figure 5 and the Beam Forming Network or BFN, Figure 4, forming a conventional phased 

array. The radiating elements are aperture coupled microstrip patches, printed between two substrates, 

IS400 and Rohacell (er = 4.46 and 1.05, h = 1.55 and 4 mm respectively) [1]. 

This structure has three advantages: 

1. the aperture coupled feed (i.e. slot) for the patch antenna avoids reflections (losses) 

2. the wider thickness of the Rohacell helps to improve the patch bandwidth 

3. the upper layer of IS400 substrate reduce the patch dimension and keep the latter safe from 

deterioration 

 

 

Figure 4 - Beam Forming Network 

 

Figure 5 - Antenna Array 

 

With a 4 elements array and a desired scan angle of 45°, the configuration forms a directive beam in the 

scan plane with a maximum gain of 12dB and approximately 30° of Half Power Beam Width (HPBW), 

while a wider beam in the vertical plane with a HPBW of about 60°. The BFN, which is formed by one 

input and four outputs, is in charge to perform the beam steering. For the realized array, a scan in the 

range �45° is achieved. The entire structure has the dimensions of 230mm x 260mm x 7mm. The 

antenna operates in the Industrial, Scientific and Medical (ISM) frequency band 2.4 - 2.48GHz and it 

comes with an SMA to U.FL connector in order to directly interface the radio module described in 

previous section. The measured reflection coefficients for the antenna prototypes show a good 

matching (return loss lower than -15dB) in the overall bandwidth. 
 

[1] T. A. Milligam, “Chapter 6: Aperture-coupled stacked patches,” in Modern Antenna Design, 2nd ed (John Wiley and Sons), July 

2005, isbn:978-0-471-45776-3. 

 

For more details on the reconfigurable antenna, please refer to D3.5 [2]. 

2.3.3 Raspberry  

The Raspberry Pi 3 (Figure 6) is a low power pc employed as a bridge to interface the STM32 Nucleo board 

(introduced in Section 2.3.1) and the Moonshot. 
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This board is devoted to stream the collected information to the elaboration center. In the chosen 

configuration, this solution has been adopted since, for now, only Ethernet cable was admitted by the 

existing private network and then this could be a COTS solution available to reach the objective.  

 

Figure 6 - Raspberry Pi 3 

 

2.3.4 Moonshot 

The Moonshot server (HPE m510) will be inserted in an EdgleLine 1000 chassis together with additional 

storage to securely store videos coming from cameras and with a Nallatec FPGA accelerator to perform 

deep analytics on the output data. More information on this platform is available in deliverables D6.1 [4] 

and D6.4 [5]. 

 

2.3.5 OPERA Wireless Flowgraph 

Following the flowgraph, presented in Sec 2.1, SecSoc board feeds detection data to Nucleo-WiFi board 

though Serial Peripheral Interface (SPI). Nucleo-WiFi (let me call node A) transmits this data over-the-air 

by means of reconfigurable antenna. Data are then captured by another Nucleo-WiFi (let me call node B) 

equipped with the same reconfigurable antenna. Node B stream data to raspberry board via Universal 

Serial Bus (USB) in order to store the event. Successively, raspberry, which is connected to ISERE private 

network by Ethernet, is the component in charge to upload data in Moonshot Server. 

 

2.3.6 Nucleo-WiFi Board Firmware Settings 

Advanced wireless communication capabilities are managed by firmware (i.e. a mixture of hardware and 

software components) running on NUCLEO-L476RG board that, for the purpose, it has been configured 

with the minimum number of peripherals needed: 

- A Digital to Analog Converter (DAC) to control the antenna (i.e. to perform steering) 

- GPIO for the radio module (WiFi) 

- A different configuration depending of the communication side (i.e. Tx/Rx): 

o SPI to retrieve data from SecSoc board (Transmitter side) 

o USB to store data to Raspberry (Receiver side) 
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2.3.7 Firmware development 

Developed Firmware manages the peripherals introduced above in the following way: 

- An optimization algorithm controls the radiation of the antenna by providing the “right value” to 

steer the beam in the best direction (by exploiting the DAC). 

- At the transmission side, Communication software retrieves data from the SPI buffer and sends it 

to the radio module in order to create the IEEE802.11b/g waveform.  

- At the receiver side, the IEEE802.11b/g is decoded and sent to Raspberry via USB for storage and 

communication with the moonshot server. 

The communication software creates an Infrastructure Basic Service Set (IBSS) network protected by a 

shared key. In order to communicate, two Nucleo-nodes must know the key, otherwise connection is 

automatically rejected. The key is generated via software, and it is flashed in memory together with the 

firmware. 

2.3.8 Throughput limitation and improvements 

ST libraries for the X-NUCLEO-IDW01M1 WiFi board have been tested in term of wireless communication 

throughput between two X-NUCLEO-IDW01M1 WiFi boards (see Figure 7). This analysis showed a 

throughput limitation of 8kbps (bit per second). 

Two main problems have been identified and discussed in the following: 

1) Transmitter side: wifi_socket_client_write(socket_id, BUFFERSIZE, (char *) aRxBuffer) 

2) Receiver side: Command-data mode Switching problem 

2.3.8.1 Transmitter side: wifi_socket_client_write(socket_id, BUFFERSIZE, (char *) aRxBuffer) 

The standard function is in charge to transfer an amount of bytes (a buffer of BUFFERSIZE elements) from 

the Nucleo to the WiFi Radio IDW01M1. Each call to this function has a non-negligible latency that has 

been minimized to increase the throughput. 

The analysis found that this function, provided by standard library, accepts arrays of 1021 bytes only. A 

modification of the X-NUCLEO-IDW01M1 software library enabled this function to accept arrays of 2920 

bytes.  This means that to transmit the same amount of data the calls to this function have been minimized 

with an increase in the actual throughput.  

2.3.8.2 Receiver side: Command-data mode Switching problem 

With the standard X-NUCLEO-IDW01M1 library, the receiver is not able to keep wireless data rate greater 

than 8kbps with an evident loss of data. 

The investigation found a large latency in the switching time between command and data mode which 

prevents the NUCLEO module to receive successive packets in-time. This switching time has been reduced 

from 250ms to 5ms and the X-NUCLEO-IDW01M1 software library has been modified to support such 

rate. 

Wireless Link 

Figure 7 - Pictorial representation of the wireless link. 
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2.3.8.3 Achieved Throughput and Open Points 

By managing the limitation introduced before, the throughput has been improved from 8kbps to 65kbps 

(about 8x). More investigation could be performed, since the module should be able to support a 

maximum rate of about 450kbps (i.e. the physical UART communication limit). 

An open point that is currently under investigation and independent from the achieved throughput, is 

that during wireless communication some error happens and, at the transmitter side, the function 

“wifi_socket_client_write” never returns. This freezes the entire communication chain and both 

Transmitter and Receiver need a reset. The causes of such error seem to be: 

1 – The receiver lost some packet 

2 – The transmitter lost some packet in the transfer from Nucleo to Radio module 

This unexpected and unmanaged behaviour is under investigation in order to retransmit the only loosed 

packet instead of losing the entire communication. 

2.3.8.4 X-NUCLEO-IDW01M1 Library – Tracking change 

In this Section, the modification done to library files are depicted: 

• wifi_interface.c  

Regards all functions used by the transmitter and receiver: The function 

“wifi_socket_client_write” has been modified in order to accept larger amount of data. Our 

modification also added a Timeout mechanism to the “USART_Receive_AT_Resp” function to 

properly return, not freeze, when something wrong happens in the communication. This update 

is valid for all the other functions using “USART_Receive_AT_Resp” 

• wifi_const.h 

Proper buffer resizing has been done in this header in order to transmit and receive correctly with 

the modification performed in wifi_interface.c 

• Ring_buffer.c  

Modified according to the Buffer resize in wifi_const.h 

• wifi_module_uart_01.c 

Regards the receiver part: The function Process_Buffer has been modified in order to support 5ms 

of switching time between command mode and data mode 

 

2.4 SYSTEM ARCHITECTURE LIMITATION IN TERM OF RESOURCE 

Resources available on the platforms used in the project are limited compared to standard non ULP 

platforms, but these platforms also include accelerators to effectively increase performances with limited 

influence on power consumption. 

D3.5 [2] summarizes these limitations and accelerators for the SecSoC. 

Regarding the Orlando platform, its limitations are the following: 

� No operating system 

� No filesystem 

� Only 4 MBs of global memory 

On the other hand, the platform provides effective accelerated functions such as: 

� Corner detection 

� Colour converters 

� Motion JPEG encoder, H264 encoder 

� Image cropper + scaler/subsampler functionalities 
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� CNN accelerators 

2.5 DATA UPLOADING 

The following data is transmitted thru the reconfigurable antenna: 

� Continuous periodic image transmission (default period is 60s), 320x240 definition 

� Detection data when relevant (triggered transmission) 

2.6 DEVELOPMENT NEEDS 

For software development purpose only, it has been agreed that a dedicated communication link, more 

conventional dedicated to Neavia, will be developed for the following reasons: 

� Reliability of reconfigurable antenna is not yet demonstrated 

� Video detection software development requires an understanding of the global behaviour thru log 

files and the ability to re-flash software remotely. For those reasons, a 3G modem router has been 

added 

It allows Neavia to: 

� Tune parameters remotely 

� Retrieve logging data to evaluate system performance 

� Update embedded software in SecSoc remotely 

Of course, this link is not intended to be used once development phase is over. 
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3 EMBEDDED SOFTWARE INTEGRATION 

3.1 CONGESTION AND WRONG WAY DETECTION (SECSOC BOARD) 

 

Figure 8 - OPERA system architecture and SW integration 

Algorithms use both hardware acceleration features (IPU) provided by the SecSoC, and software 

capabilities running on the dedicated cores (R4MP). Image is produced by the sensor and pre-processed 

by the ISP. The image is then available in graphic memory for all IPU processes, i.e., hardware 

functionalities such as background subtraction or corner detection. Once their configuration is done by 

the software running on the cores (R4MP), they can process the image accordingly as they are produced 

by the sensor. The software uses results coming from the hardware modules as entries for the algorithms. 

If required, data or alarms are transmitted to the Nucleo board (SPI) or to the mini-PC (serial over USB). 

The software running on the cores and its architecture are defined below. 

ISP 

IPU 

R4MP 

SecSoC 

OPERA System 

CMOS sensor 

Graphic RAM 

Cores running SW 
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3.1.1 Global Video detection software architecture 

 

Figure 9 - Global video detection architecture 
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Figure 10 - Global video detection architecture, SecSoc modules and software interactions 

An illustration of the original video detection architecture can be found in Figure 9. This architecture only 

uses software functionalities. However, the SecSoC-based architecture, shown in Figure 10, is slightly 

different. Indeed, in order to include SecSoC modules, the video detection software was designed to take 

advantage of both hardware capabilities and software modules, thus, providing hardware acceleration 

and further software processing. 

The video processing is done through difference frame analysis. Such an image is produced by the 

background remover hardware module subtracting the current frame to the reference one kept in 

memory. The latter is the learnt scene being observed, i.e. the road (as shown above), and is regularly 

updated thanks to the reference frame update module. Additional shadow removing (hardware module) 

and anti-shake (software) operations can be prior to creating the difference frame. Indeed, shadow may 

lead to over detection and connection of the vehicles in the observed scene. A problem may also be faced 

SecSoc functions 

Functional block 
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regarding vibrations, the latter causing misperception of vehicles and nearby-by road elements detection 

(crash barriers, on-road markings) by increasing the amount of movement perceived. Morphological filter 

module helps improving the binary image resulting from the difference frame before any further 

processing. Based on this de-noised image and corner detection results, all the software modules are 

executed in order to proceed to every algorithm required. Those modules results lead to event detection 

and checking before sending them through radio communication. 

 

3.1.2 Video detection SW functionalities 

Weather detection is done through the observed scene analysis. This allows the extraction of day/night 

information and other generic weather conditions. The extracted information can lead to particular 

events or are taken into account for other software processing and algorithm evaluations, such as 

automatic threshold adjustments or filtering parameters. In Table 1 below, is a recording of contrast (as 

a percentage) and mean luminosity (over maximum of 255) evaluation while night is falling. Time is 

evaluated in seconds, and night can be considered at t=190s. 

Table 1 - Evaluated contrast (%) and mean luminosity at night falling 

  

 

Current traffic is analysed by both object and movement detections. Object detection results from the 

generated binary difference image processing leading to a set of object candidates. Movement detection 

gives results based on matching elements and properties from a previous image to the current one. 

Various filters are used on the extracted objects to improve the results, such as: uniqueness, size, speed 

and position filters. Direction and density information can also be extracted as additional properties of 

both objects and scene being observed. 

Using information and results coming from all processing elements, different algorithms can be evaluated. 

Each algorithm leads to a specific detection related to an event that is sent to the server by radio 

communication. 

Table 2 - Example of event data 

struct serial_protocol_alarm { 

        uint8_t         type; 

        uint8_t         level; 

        uint8_t         direction; 

    }; 

type = CONGESTION_DETECTION 

level = 1 

direction = IN 
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3.1.3 Installation and video detection paramerization SW specific features 

Once the camera is pointed to the road, the system requires some parameterisation. This 

parameterisation is loaded from the mini-PC to the SecSoC memory either while programming/flashing 

or on-the-fly. 

For convenience, the parameterisation can be generated through the mini-PC HMI. Zoning restrictions or 

thresholds and delays (persistency durations) can be applied or adjusted this way for the required 

algorithms. The interface also allows easier camera pointing since it can display the current frame 

visualisation. 

Table 3 - HMI pages 

Figure 11 - Image viewing  

Figure 12 - Parameterisation 

 

3.1.4 Interface management with development link 

A development link is made available via the use of a dedicated connection. The latter allowing data to be 

transmitted in both directions to the related Neavia server. This development link is enabled thanks to 

the mini-PC and 3G router (through VPN networking) on the camera side, and the Neavia server on the 

other. 

 

Figure 13 - Development link 
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3.1.5 Interface management with reconfigurable antenna board 

Regarding reconfigurable antenna board data transmission, a SPI communication allows the data 

transferring from SecSoC to Nucleo. The latter then sends data to another Nucleo board and finally to the 

Moonshot server. The whole communication link is shown below (Figure 14). The SPI communication used 

here is not the SPI over USB, but a dedicated one. 

 

Figure 14 - Nucleo-based link 

Whatever the data is, it is serialised by the SecSoC before any sending. This allows the transmission of 

various types of data (from images to events/alarms), providing both emitter and receiver is able to 

correctly read and extract the embedded information. 

Proposed data sending include cyclic image of the scene being observed to allow keeping an eye on real 

and current road conditions. In addition, on each detected and validated event, an image and event-

related data are transferred. Those alarms make it is feasible to match both event data and scene state. 

3.1.6 SW Development features 

Various development features are enabled through the use of the min-PC and dedicated connection, such 

as: visualisation, configuration, debugging, flashing and use of tools provided by ST. All of this can be done 

locally via an Ethernet wire or remotely through the 3G router and VPN connection. 

Configuration can be generated thanks to the HMI parameterisation page, locally or remotely, and also 

loaded on-fly for ease of operations. A serial communication between the SecSoC board and a dedicated 

program on the mini-PC allows the configuration checking and loading. The related parameters are the 

following: zones (defined as a sequence of segments) for image restriction purpose, thresholds, 

verification cycle and persistency duration in seconds. Verification cycle being the minimum duration 

between two evaluations of the algorithm, and persistency duration, a waiting time after first event 

detection before sending it over radio. 

struct zone { 

   uint8_t  nb_segments; 

   uint8_t  seuil_tx_occ; 

   uint16_t cycle_tx_occ; 

   uint32_t duree_persistance; 

   struct segment segments[SEG_NB_MAX]; 

}; 
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Debugging and flashing operations are based on tools provided by ST. Those tools include makefiles, 

toolchain and scripts. In addition, slight reset/reboot scripts and hardware modification (full SecSoC 

halting) were required in order to allow fully remote management. 

Logs writing to the mini-PC (dedicated UART serial communication over USB) and sending to the Neavia 

server (FTP file transfer) makes a bunch of data available for analysis purposes. This data is composed of 

current analysis, algorithm states, and images. The serial communication sends serialised data through 

USB to a server-like program running on the mini-PC for storing data. Data transmission is achieved thanks 

to a script using FTP to reach the Neavia server. 

3.1.7 SW toolchain 

The toolchain and development environment were provided by ST. As a support to the software 

development, a virtual machine having all the required elements included was delivered during a meeting 

between ST and Neavia on the 10th of October 2016. The meeting aimed to overview the SecSoC 

possibilities, modules, tools and development environment. This introduction and training session was 

followed by regular support from ST. 

The whole development environment was transferred to the mini-PC (compliant architecture) to allow all 

the remote operations, among them flashing the SecSoC board.  

3.1.8 SW validation 

For software validation purpose, real road conditions and camera point of view were used. An example 

of possible observations can be found underneath. Those observations were carried out during 

development step on a Neavia test site (not in Grenoble) before the installation of site 1. 

This example (Table 4) is the result of the congestion detection algorithm observing a situation close to 

congestion. This is due to the closed lane on the left part of the image causing densification of traffic and 

slowing it down to approximately 40km/h. On the right part, vehicles speed is closer to the speed limit, 

ie, 110km/h. 

Graphics show the so called “Zone 0” and “Zone 1” results, respectively left and right part of the image. 

The blue curve, shows as a percentage scaled value, calculated using both traffic speed and density. The 

orange line is the threshold to be exceeded for a certain amount of time (a few minutes, for instance) 

before an event can be sent. It can be noticed that even though the traffic is approximately as dense on 

the right as it is on the left, the vehicles speed leads to a consequent difference in the algorithm results. 

Indeed, the maximum value is observable at time t=450s (red line on graphics). This value stays close to 

0% for the Zone 1 (right part), the vehicles going at normal speed (110km/h). However, for the Zone 0 

(left side), the value is much higher. The latter being more than 10% mean and rising up to the threshold 

level (30%) for a few seconds.  
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Table 4 - Recording example from the algorithm 

 

Figure 15 – Neavia test camera image at time t=450s 

 

Figure 16 - Zone 0 (left part of image) 

 

Figure 17 - Zone 1 (right part of image) 

 

Below are some examples of data returned by the OPERA system running on test site 1. They show the 

traffic densification due to a congestion towards Grenoble (left side of image, “zone 1”) in the morning, 

and the camera view at that time. A successful congestion detection occurs in the correct lane (congestion 

level switch to the high state for “zone 1”) as the traffic densifies (lane occupation level raising). 

Note: Left side of the diagram “Congestion level – Zone 1” shows a high to low transition due to a previous 

congestion detection followed by a 10 minutes traffic release. 
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Table 5 - Examples of OPERA system measurements 

 

  

  

  

1 2 3 
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3.1.9 Status and lessons learnt 

Congestion detection software is running on the OPERA system on the test site 1. The scene observed is 

the road D3 (“Route de l’Isère”) between Voreppe and Grenoble. LD38 having a camera on-site to manage 

the road traffic, a preliminary test could be conducted using it as a reference stream (allows to see speed 

and evolution of traffic). The latter was analysed every 5min by LD38 and used to compare “start/end of 

congestion” alarms transmitted by the OPERA system. Those alarms and related logs were made available 

through the debug link. Observed congestions happened during the day in summer conditions 

(temperature above 0°C and sun, also cloudy weather and rainfall). Full description paragraph will be 

found in the D7.2 (but it is also written in the D3.3 since D7.2 will be delivered later). 

Table 6 - Correct start / end of congestions 

Direction Start of congestion End of congestion 

Voreppe 

(right side of road) 

  

Grenoble 

(left side of road) 

  

 

During the test period, all desired congestion detection occurred (12 congestions). The 0% no detection 

rate is to be considered with prudence but is encouraging. On the other hand, false detection rate was 

high (24 false detections). For most cases, this was due to specific lightning conditions such as dazzling 

(wet road), shadow, lights. Other causes being vibrations, tree branches over the road, artefact on camera 

screen (rain) and 2-to-1 lane road configuration. Towards Grenoble, for which most of the false alarms 

occurred, a combination of those issues are observed. All of these conditions leads the algorithm to over-

detect. 
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Table 7 - False detection towards Grenoble 

Direction Start of congestion End of congestion 

Dazzling 

  

Shadow 

  

 

The preliminary tests show encouraging results and demonstrate raw feasibility as all congestions were 

detected. However, some points could be improved. At first, the timing of detection (start/end) is correct 

regarding state stability check (to avoid jittering), but could be more accurate. The algorithm would have 

to better manage varying light conditions (even though challenging) in order to reduce their impacts and 

over-detection. 

Last point, camera pointing, is also related to false alarm. Indeed, since the view is not optimal, congestion 

detection doesn’t run under best conditions. For instance, sensitivity is biased because the camera 

pointing far away leads to apparent distances between vehicles (one of congestion criteria) much shorter 

than they would be with the OPERA system pointing closer. This should be addressed through the re-

installation of the test site using a new hardware integration allowing mechanical and optical adjustments. 

The improvement of the test condition is necessary to achieve the evaluation of the detection of 

congestion software. 

Wrong way vehicle detection software development is still ongoing at the document writing time. It will 

be integrated and tested on the same test site as congestion detection after the re-installation process is 

done. Full evaluation will be done similarly for both in December. 
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3.2 CYCLES DETECTION AND COUNTING (ORLANDO) 

3.2.1 Overview 

The cycle detection and counting use case will take place on a dedicated cycles road known as “greenway” 

near Grenoble. The camera will be pointing at the greenway (top-side view) and will be based on the 

Orlando platform, taking advantage of this specific board. 

 

Figure 18 - Camera view proposition for cycles use case 

Thus, cycle detection will be performed through the CNN implemented on this platform. When a bicycle 

is detected, the node will start sending frames to the remote server which will implement the cycle 

counting algorithm. Streaming will continue as long as bicycles are present in the scene. 

Communication to the remote server remains the similar to the one used for first use cases (congestion 

and wrong way detection). Indeed, SecSoC and Orlando platforms are close enough for using the same 

kind of data exchange, transmission to the Nucleo board, and sending through the reconfigurable 

antenna. 

 

Figure 19 - Generic SecSoC/Orlando based sensor architecture 

CNN usage requires a model to be integrated on the Orlando platform. The could be generated through 

frameworks like Caffe and a dataset like ImageNet for which cycles images classes are already available. 

The cycle detection and counting process will have to be defined soon in order to choose a correct CNN 

architecture. This means finding the good trade-off between performance and complexity for it to fit the 

Orlando board. 
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3.2.2 Offloading feature 

3.2.2.1 Flow diagram 

 

Figure 20 - Offloading architecture proposition 

In the diagram of Figure 20, the camera and ULP device are shown on the right. In this use case, the ULP 

software stack is enriched with a mechanism to detect the presence of a group of bicycles in the analysed 

image, and thus to transfer such image to the remote server for further analysis. Such module is indicated 

as load estimator, since it is intended in a more general perspective to “offload” the computation to a 

remote service whenever the required computing capabilities are larger than those exposed by the ULP 

device. On the remote side (left side of the diagram in Figure 20, a FPGA board connected to the server 

run the accelerated kernel. The accelerated kernel is a portion of the code used to detected and counting 

the number of bicycles in the analysed image that has been previously synthesized and loaded into the 

FPGA. The synthesized kernel run in the FPGA as a digital circuit, thus providing large speedup compared 

to traditional instruction-based processing devices. Both the server cartridge and the FPGA board will be 

hosted, for the purpose of this use case, on a HPE EL1000 chassis. 

3.2.2.2 Working process 

3.2.2.2.1 Offloading criteria 

Offloading criteria are still to be defined since the offloading decision is initiated locally. The mechanism 

being part of the whole program, its definition will depend on the algorithm running on the Orlando board 

and the features used. Depending on these features, a mechanism to transfer via network the image and 

requiring the analysis to the server will be enabled. However, based on processing performance and 

energy, criteria would be a trade-off of the following: complexity (large number of cycles in image), energy 

efficiency (regarding both energy required locally and remotely if offloading would be used at that time), 

energy remaining for the camera system and results confidence level. 

3.2.2.2.2 Remote operations 

Figure 20 provides some details on the way operations are managed on the server side. In order to be 

reachable, the server exposes a front-end service, which is represented by a simple web-server exposing 

a minimal interface (e.g., a REST API to be enquired, and to provide analysis results). The interface will 

explore possibly a customized protocol to limit the eventual overheads of standard REST Web API, which 

remain a possible alternative to support more devices (e.g., a user could visualize the analysis results from 

a standard web browser). The purpose of this front-end system is to launch on-demand application 

services that can exploit FPGA acceleration features. To not negatively impacting on the efficiency of the 

solution, both the front-end and the application service can be run within a Linux container. To this end, 
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Docker or LXC/LXD solution will be evaluated. Similarly, the server processor, where both the front-end 

and the application service run, is a low power processor executing a standard Linux operating system. 

The Linux kernel in fact easily enable the use of Docker or LXC/LXD containers.  

In order to make the service application container aware of the FPGA acceleration board, the driver is also 

installed within the container. In this way, a sort of binding between the driver running on the host system 

and that running within the container is enabled. 

The application code, is similar to that running on the ULP device. Since, this code may leverage on specific 

acceleration features provided by the underlying hardware, such features must be re-targeted to point 

the FPGA device. One of such feature, can be the CNN acceleration. CNN are used to perform computer 

vision tasks, such as counting number of objects (e.g., bicycles) in a given image. The CNN model is 

generally available as a description in one of well-known frameworks, such as Caffe, Tensorflow, PyTorch, 

etc. To this end, the FPGA device will provide accelerated kernels for most of the computational heavy 

operations (i.e., convolution, inner products, etc.). As a basis for starting the development of this 

application service, the CNN model and monitoring application already running on the SecSoc/ORLANDO 

devices will be used. 

One noticeably thing is that, using an architecture based on Linux containers it becomes possible to fast 

launch service containers that are bind to the FPGA accelerator, as well as to remove them from the 

system once their operations have been concluded. In fact, limiting the number of virtual resources 

running on the server, we can achieve better responsiveness of the whole system, as well as limit the 

power consumption (in this case we reduce the load on the system in terms of CPU and allocated memory, 

which are the main factors contributing to the power consumption). 

 



 

32 D3.3 | ULP software integration 

OPERA: LOw Power Heterogeneous Architecture  for Next Generation of SmaRt Infrastructure

and Platform in Industrial and Societal Applications

4 STATUS, CONCLUSION AND NEXT STEPS 

4.1 SW DEVELOPMENT ROADBLOCKS AND CONTAINMENT 

At the moment, only a preliminary evaluation has been conducted regarding congestion detection on the 

first test site. The evaluation demonstrates congestion detection in a real situation (summer conditions) 

with the integrated camera and the algorithm taking advantage of the SecSoC features. This first 

evaluation shows encouraging results and demonstrates raw feasibility. 

Some points could be improved regarding detection timing, varying light conditions and camera pointing 

in order to reduce over-detection. 

Wrong way vehicle detection software will be integrated and tested on the same test site as congestion 

detection after the re-installation process of the first test site. Full evaluation will be done similarly for 

both in December. 

Cycle use case is starting through the definition of the offloading feature, mainly. This is due to the fact 

that Orlando platform is not available yet, making it hard to have a detailed definition of the cycle 

detection and counting algorithm and architecture. 

4.2 SW INTEGRATION LESSONS LEARNT 

Debug link provided by Neavia for the test site 1 and the reference video from stream form LD38 turned 

out to be very useful for the preliminary evaluation. Thus, their availability, even though not strictly 

required, would be beneficial for future use cases. 

As highlighted in the “Embedded Software Integration” chapter, high sensitivity of the OPERA system 

caused false-detection in the preliminary test. This is due to many factors, one of them being 

misperception of vehicles since the apparent distance between vehicles is shortened by the OPERA system 

pointing. A second version of the hardware support should address that point with wider angle ranges for 

a better flexibility, and a shorter zoom allowing a closer pointing. This hardware will be used for the re-

installation of test site 1. 

From the analysis of the communication between the Nucleo micro-controller and the X-NUCLEO 

IDW01M1 radio module, activities are focused on the optimisation of inter-communication performances 

specifically on the improvement of the inter-communication speed/throughput.” 

Regarding the implementation of the offloading feature, we are planning to start porting software to the 

FPGA device in the next period, according to the development and availability of the software running on 

the SecSoc/ORLANDO devices. In fact, this software will be used as a basis for developing the service for 

enabling the full “bicycle detection and counting” application. 

4.3 NEXT STEPS 

1. Re-positioning of test site 1 for both congestion and wrong way vehicle detection 

2. Evaluate current video detection performance 

3. Develop cycles video detection 

4. Develop offloading feature 
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