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Executive Summary 

Autonomous driving is classified according to the amount of human driver intervention 

and ranges from Level 0 (no automation) up to Level 5 (full automation). 

Enabling Level 5 Autonomy in Automotive, Defense and other Industries requires 

collecting, storing and processing data at an unprecedented degree, which has been 

until now unattainable by Embedded Devices and Edge Computers. 

A large number of vehicle sensors, including high definition cameras and LIDARS, 

generate a massive, continuous flow of data that needs to be treated in real time, 

right in the vehicle; this translates in a set of exceptional requirements: 

- Extreme performance 

- Very high capacity 

- Ruggedness 

- Automotive-grade power supply 

- Application-specific certifications 

- Compactness 

The DynaCOR 40-34 is a unique example of a device that complies with all these 

requirements and that provides a flexible platform which allows creating a real Data 

Center on the wheels. 

 

The bottom line is that the DynaCOR 40-34 is the leading solution for High 

Performance Data Logging in Autonomous Driving and other Rugged applications. 
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Level 5 Autonomous Driving Challenges 
 

Level 5 driving represents the highest achievement in terms of driving automation; in 

less technical terms, a Level 5 vehicle does not feature any control for human beings: 

steering wheel, brake and acceleration pedals are completely removed, and the 

vehicle determines every action in all conditions. 

The Automotive Industry alone is spending billions of dollars in investments for 

developing Autonomous Driving technologies, and numerous other Vertical Markets, 

such as Defense, are also active on similar roadmaps. 

All these players are encountering a number of new challenges that span across 

many disciplines and technologies; in this whitepaper we will focus on hardware 

requirements that are completely novel and how to meet them. 

 

Performance  

The quantity of data generated by an autonomous vehicle, even at moderate levels of 

automation, is unprecedented and unmatched by traditional embedded computers. 

For instance, an estimate presented at the 2017 Flash Memory Summit1 breaks down 

the typical bandwidth usage by sensor as follows: 

 

 

 

 

 

 

                                                

1 See: “Flash Memory in the emerging age of autonomy”, by Stephan Heinrich, Lucid Motors – Flash Memory 
Summit – 2017 – Santa Clara, CA - 
https://www.flashmemorysummit.com/English/Collaterals/Proceedings/2017/20170808_FT12_Heinrich.pdf 
 

https://www.flashmemorysummit.com/English/Collaterals/Proceedings/2017/20170808_FT12_Heinrich.pdf
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Sensor Bandwidth per sensor Number in vehicle 

RADAR 0.1 – 15Mb/s 4 to 6 

LIDAR 20 – 100Mb/s 1 to 5 

Camera 500 – 3500Mb/s 6 to 12 

Ultrasonic <0.01Mb/s 8 - 16 

Vehicle motion, GNSS, IMU <0.1Mb/s  

 

Overall, the total bandwidth used by the sensors amounts to 3 to 4Gb/s in the 

simplest case and 40Gb/s in the most sophisticated one, and it is expected that 

these data rates will increase during this phase of technological development. 

It is important to notice that these estimates are for sustained operation, and not just 

peak values; the nature of the application requires constant, uninterrupted availability 

of all computational and networking resources; latency must also be kept as low as 

possible. 

 

Very High Capacity 

As shown in the previous section, an autonomous vehicle generates a continuous 

stream of data of about 4Gb/s, which translates to 1.8TB/h in a simple case, and can 

go up to 40Gb/s, or 18TB/h in a richer scenario; therefore, Autonomous Driving 

imposes a storage capacity that is orders of magnitude larger than the typical size 

associated with traditional embedded computing devices. 

 

Ruggedness 

Since it is impossible or at least highly impractical to transfer wirelessly 40Gb/s 

streams from a vehicle to a data center, it is mandatory that the data logger can 

operate reliably when installed in a moving vehicle and while being subjected to the 



 

HPEC – Data Logging - White paper  4 

very harsh conditions typical of automotive applications. This requirement results in a 

dilemma: high performance components are designed for highly controlled and 

benign environments, while rugged devices sacrifice performance to reduce MTBF by 

avoiding fans, vents and other potential failure points. Another example of conflict 

comes from dimensional requirements: high performance devices are much bulkier 

than rugged ones, due to the physics of heat dissipation; this is unfortunately a big 

issue in real-world scenarios where the space allowable for the installation in the 

vehicle is extremely limited. 

Some products try to mitigate these issues by adapting platforms designed for data 

centers: shock absorbers and extra fans are often added to improve the survivability 

of the device in the Field. Unfortunately, the automotive environment is extremely 

demanding, and such solutions bring many disadvantages: shock absorbers need to 

be finely tuned for a relatively wide range of frequencies, which translates into bulky 

setups that are hard to accommodate, or into sub-optimal protection and reduced life 

expectancy of the device. Similarly, adding fans and vents can improve heat 

exchange only in a limited number of cases, specifically when there is enough air 

circulation and exchange in the installation recess, a rare instance in typical 

applications. The downside of fans and vents is an increased risk for the penetration 

of contaminants and dust into the device circuitry and potentially, a reduction of the 

reliability of the system. 

 

Certifications 

Since it is very hard to meet the necessary level of performance and reliability, 

certifications play a fundamental role in establishing an objective and measurable level 

of fitness of the system for the specific applications. Automotive certifications, such 

as E-Mark, ECE ONU R10, ISO 16750 and IEC 60068-2-6 / 60068-2-27 are objective 

ways for characterizing the behavior of the system under stress in actual operating 

conditions. 
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Compactness 

As illustrated in the preceding sections, the physical dimensions of the systems need 

to be as small as possible, to allow the installation of the logger in the vehicle; the 

limitations of air cooling impose compromises and hard choices. A better approach is 

to switch to liquid cooling, a technology that allows for rugged and compact design. 

Since liquid cooling is already part of almost every vehicle, including full-electric ones, 

it is also a natural choice that reuses part of the existing infrastructure and, at the 

same time, it makes much more efficient use of power. 

 

DynaCOR 40-34: Breaking Every Record 

 

In the past 25 years, Eurotech has offered HPC (High Performance Computing) and 

HPEC (High Performance Embedded Computing) solutions to customers seeking 

cutting edge performance and reliability. The latest product portfolio delivers a 

complete set of devices to allow building sophisticated and resilient computational 

architectures in the Field: 

- DynaCOR 50-35: a rugged computational unit for AI and high intensity calculation 

- DynaCOR 40-34: a rugged storage/logging unit 

- DynaNET 100G-01: a rugged 16 port Ethernet switch (16x 40/56/100GbE) 

- DynaNET 10G-01: a rugged 52 port Ethernet switch (48x 1GbE + 4x 10GbE) 

This whitepaper focuses on the DynaCOR 40-34, a versatile device that can be 

employed in any rugged application that requires the highest level of performance. 

The essential specifications for the DynaCOR 40-34 are: 

- Storage capacity: 16TB NVMe (2 striped units, 7.68TB each) 

- Read Performance: 6.1Gbyte/s (sequential) 

- Write Performance: 4.4GB/s (peak); 4.0 GB/s (sequential – workload specific) 
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- Network: 2x 40/56Gb/s Ethernet 

- CPU: Intel Xeon E3-1281v3 @3.70GHz 

- GPU: Nvidia GTX 1050Ti 

- Power Consumption: 350W max 

- Liquid Cooled 

- Docking station option 

- Dimensions: 157x162x455mm (HxWxD) – without docking station 

- Certifications: 

o CE 

o E-Mark 

o ISO 16750 

o IEC 60068-2-6 

o IEC 60068-2-27 

 

DynaCOR 40-34: Internal Architecture 

 

The DynaCOR 40-34 features a streamlined architecture that presents no bottlenecks 

to data flow. At the core of the design, a 96 lane, Gen 3 PCI Express switch routes 

the communications across all components. The topology is kept as simple as 

possible and each device connected with 16 lanes, which deliver approximately 

13GB/s net traffic, which is aligned with the incoming data stream bandwidth (2x 

56Gb/s or approximately 14GB/s under theoretical conditions and 10GB in real 

cases). 

DMA (Direct Memory Access) between the NIC and the NVMe avoids bottlenecks and 

offloads the CPU from other tasks, for instance, it is possible to use it to create a 

RAID set, or to run a small to medium workload. A GPU is also provided, which can be 

used to run advanced inference models on the incoming or stored data. 
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The DynaCOR 40-34 is designed to be adaptable (as a Professional Service) to a 

range of customer-specific needs; for instance, one optional expansion bay is 

designated to host standard PCIe cards that can provide Field Bus interfaces, 

accelerators, storage, customer proprietary hardware and many other types of 

features.  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. DynaCOR 40-34: Internal Architecture 
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Level 5 Autonomous Driving: System Architecture 

 

In this section, we will show how it is possible to combine Eurotech’s HPEC systems 

into an architecture capable of delivering unmatched performance and capacity in 

Automotive and Rugged applications. Just like the DynaCOR 40-34, all the other 

products described below are certified for Automotive applications and feature liquid 

cooling, to enable a seamless integration in the user application.   

 

Stand-alone Architecture 

This use case is an example of a streamlined high-performance datalogging 

application, where the DynaCOR 40-34 receives the aggregated data stream coming 

from a number of vehicle sensors through the DynaNET 10G-01. This architecture is 

well balanced, with a 40GbE backbone and up to 48x 1GbE data sources. 

This setup provides tremendous value to customers that need to collect vehicle and 

world datasets under actual driving conditions, making use of existing, commercial 

vehicles with minimal modifications. The extreme compactness of the system, and its 

automotive certifications allow installing the DynaCOR 40-34 and DynaNET 10G-01 

using only a fraction of the volume of the trunk of a typical small-size car.  
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Figure 2. Stand-alone Architecture 

 

  Number 
of units 

CPU 
(DP 

TFLOPs) 

GPU 
(FP32 

TFLOPs) 

Storage 
(TB) 

Bwidth 
(GbE) 

Volume 
(m^3) 

Weight 
(Kg) 

Peak 
Power 

(W) 
DynaCOR  

40-34 
1 0.8 2.1 16.0 112 0.01 11 450 

DynaCOR  
50-35 0 0.0 0.0 0.0 0 0.00 0 0 

DynaNET  
100G-01 

0       0 0.00 0 0 

DynaNET  
10G-01 

1       88 0.01 5 70 

         
Totals 2 0.8 2.1 16.0 200 0.02 16 520 

 

Table 1. Summary of Architecture Features (DYCOR-40-34-02, DYNET-10G-01-01) 

 

Data Processing Architecture 

This use case adds scalable computational capabilities to the logging capacity of the 

stand-alone architecture illustrated in the previous section and introduces two new 

building blocks: the DynaCOR 50-35 and the DynaNET 100G-01. 
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Figure 3. Data Processing Architecture 

 

  Number 
of units 

CPU 
(DP 

TFLOPs) 

GPU 
(FP32 

TFLOPs) 

Storage 
(TB) 

Bwidth 
(GbE) 

Volume 
(m^3) 

Weight 
(Kg) 

Peak 
Power 

(W) 
DynaCOR  

40-34 
1 0.8 2.1 16.0 112 0.01 11 450 

DynaCOR  
50-35 

3 3.0 46.5 1.5 336 0.09 60 3000 

DynaNET  
100G-01 

1       1600 0.01 6 210 

DynaNET  
10G-01 1       88 0.01 5 70 

         
Totals 2 3.8 48.6 17.5 2136 0.12 82 3730 

 

Table 2. Summary of Architecture Features (DYCOR-40-34-02, DYCOR-50-35-02, 
DYNET-100G-01-01, DYNET-10G-01-01) 
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In the example shown here, the sensor data streams are aggregated by a DynaNET 

10G-01 and then fed into the backbone DynaNET 100G-01. In this arrangement all 

DynaCORs make use of 2x56GbE links, for a total 112Gb/s bandwidth per device, 

which can be allocated dynamically. It is quite reasonable to assume that the 

continuous, real-time sensor data stream (at up to 40Gb/s) will be directed to the first 

DynaCOR interface, leaving the second one available for calculation tasks and 

messages. 

A remarkable feature of both DynaNET 100G-01 and DynaNET 10G-01 is Layer 3 

networking, which enables very fine traffic management. This is crucial to minimize 

latency and to ensure that the data streams are directed to the correct device, 

avoiding data starvation and similar other network issues that would degrade 

deterministic operating conditions of the architecture as a whole. 

Since DynaNET 100G-01 provides 16 ports, each capable of 40/56/100Gb/s, and 

both the DynaCOR 40-34 and DynaCOR 50-35 feature dual 40/56Gb/s interfaces, it 

is possible to mix and match up to 15 DynaCORs using 40/56Gb/s links, or up to 7 

DynaCORs with 80/112Gb/s links; one or two 40GbE links could be used to reach 

the sensor network connected to one or two DynaNET 10G-01. 

By mixing and matching the building blocks, it is possible to reach extreme 

configurations, such as: up to 256TB of NMVe storage capacity (using 16 storage 

devices), or up to 16TFLOPs (CPU) + 248TFLOPs (GPU, FP32) computational 

performance, and anything in between. 

It is worth noting that each DynaCOR features 2x GbE interfaces, which allow direct 

sensor connection even in these extreme cases; moreover, the DynaCOR 50-35 can 

be configured with NVME storage, providing extra flexibility to the customer. 
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Redundant Architecture 

In the last example, we are showing how to implement a redundant architecture by 

adding two more switches. While this is a simplistic approach that does not 

completely reflect how a true redundant architecture is implemented in real cases, it 

still demonstrates how it is possible to create a very sophisticated computation and 

storage infrastructure in a normal vehicle, while keeping well within the physical 

constrains imposed by space, operating conditions and total allowable power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Redundant Architecture 

 

 

 

 



 

HPEC – Data Logging - White paper  13 

  Number 
of units 

CPU 
(DP 

TFLOPs) 

GPU 
(FP32 

TFLOPs) 

Storage 
(TB) 

Bwidth 
(GbE) 

Volume 
(m^3) 

Weight 
(Kg) 

Peak 
Power 

(W) 
DynaCOR  

40-34 1 0.8 2.1 16.0 112 0.01 11 450 

DynaCOR  
50-35 

3 3.0 46.5 1.5 336 0.09 60 3000 

DynaNET  
100G-01 

2       3200 0.01 12 420 

DynaNET  
10G-01 

2       128 0.02 10 140 

         
Totals 8 3.8 48.6 17.5 3776 0.13 93 4010 

 

Table 3. Summary of Architecture Features (DYCOR-40-34-02, DYCOR-50-35-02, 
DYNET-100G-01-01, DYNET-10G-01-01) 
 

Liquid Cooling 

 

Most vehicles are equipped with a liquid cooling infrastructure; this is also true for 

100% electric vehicles, where liquid cooling is used to enable high density battery 

packs. There are compelling reasons for this choice: efficiency, reliability, resilience, 

and compactness are just a few examples. Similarly, liquid cooling is a popular 

solution for many high-power industrial devices, such as lasers and other power 

electronics and machinery.  

Eurotech is one rare example of a company that has been delivering for more than 25 

years rugged and HPC systems, and has an extensive, field-proven experience with 

liquid cooling solutions and patented technologies. 

The DynaCORs can leverage the hydraulic system of a commercial vehicle, depending 

on the number of units and the capacity of the existing infrastructure. The flow rate 

required to cool one unit with an external temperature of 40C is just 2L/m, with a 

work pressure of 2bar. 



 

HPEC – Data Logging - White paper  14 

Even though a DynaCOR 40-34 can use up to 450W, the temperature increase of the 

coolant at the outlet is just 1-3C; therefore, if the inlet coolant has a temperature of 

40C, it will be at 41-43C when it is returned to the circuit – a small contribution to the 

overall load. 

 

 

 

 

 

 

 

 

 

Figure 5. Liquid Cooling Circuit 

 

Conclusions 
 
Enabling Level 5 Autonomous Driving imposes unprecedented challenges that are 

beyond what traditional embedded technologies can address. Computational 

performance, storage capacity and networking bandwidth are orders of magnitude 

higher than what most companies can offer in their rugged devices. 

 

Eurotech leveraged an extensive experience in rugged computing and HPC to create 

a complete portfolio of HPEC systems that can be employed to create “data centers 

on the wheels”, i.e. rugged and certified devices that bring to the Edge capabilities 

normally relegated to the data center.  
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