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Abstract 
 

This technical design paper is a summary of the work conducted by the Technion Aerial Systems (TAS) team for the 

AUVSI Student UAS Competition 2017. The document describes the design of the STRIX system, the rationale 

behind the design choices, the development process, and the testing performed to enable STRIX to accomplish all its 

tasks. STRIX is an airplane with a wing-fuselage configuration, equipped with two electricity-powered engines and 

an all-composite structure. It is capable of autonomous flight, including take-off and landing; its on-board computers 

enable image processing; it uses ñsense and avoidò algorithms that operate online and can calculate routes while still 

on the ground. The customized user interface (UI) assists in effective control over the system.  

The design team comprises undergraduate students from the faculties of Aerospace Engineering and Electrical 

Engineering. This year, the project focused on further improving the system, giving it broader and more reliable 

capabilities. 

Figure 1 STRIX 
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1 System Engineering Approach  

1.1 Analysis of Mission Requirements  

To ensure STRIX meets the performance requirements, we began by performing a thorough analysis of the new 

competition rules. Using the system entered into the previous yearôs competition as an example, we focused on 

analyzing its performance in accordance with the judgeôs feedback, and explored the changes necessary for 

excellence under the current yearôs competition rules. The requirements for the new platform and its flight 

performance were developed from this analysis.  

We used the proven ñRed Teamò approach to examine the system from top to bottom, in order to gather crucial 

performance data. With this approach, every team member performs a complete investigation of the project aspects 

for which he is responsible, and presents the innovations or improvements to be implemented for greater efficiency 

throughout the system. These areas include aerodynamics, structural design and analysis, propulsion systems, 

performance of specific competition tasks, interoperability, system integration, etc. The results were first presented 

at the Technion during the Preliminary Design Review (PDR); the final design was presented at the Critical Design 

Review (CDR) several weeks later. After the design was set, the work on the new model began. 

1.2 Design Rationale 
The decisions made regarding the platform design addressed a number of environmental factors: 

¶ Team qualifications ï The design should be based to the maximum scale on the teamôs qualifications and 

knowledge. This implies evaluation of the teamôs capabilities in designing all aspects of the system. 

¶ Time management ï Since time is of the essence, the project design must be feasible in the scope of the time 

that is available. A reverse timetable was created, with the critical milestones defined by the competition rules 

(FRR, proof of flight, etc.) and the teamôs defined schedule. 

¶ Manufacturing process ï The final solution should suit the teamôs manufacturing capabilities. 

¶ Maintainability ï The system should be easy and intuitive to maintain in order to minimize the preparation 

time between flights and increase the systemôs reliability. 

¶ Safety ï The system should guarantee minimum risk, for both the crew operating it and for the system itself. 

This requirement should drive the creation of hardware safety interlocks and operation checklists.   

¶ Budget distribution  ï Every design choice includes criteria for the financial investment required for its 

realization. This is sometimes a dominant factor; the budget was therefore distributed in accordance with the 

task priorities. 
 

The system is required to perform all the competition tasks with excellence. We therefore put our efforts into areas 

that were not yet realized in the previous years. Our priorities were determined according to the following 

requirements: 

¶ Flight endurance and performance ï An aircraft should be able to use the entire defined flight time. A f ixed-

wing aircraft capable of carrying all the necessary equipment onboard was chosen for the task, in accordance 

with the payload requirements. An aircraft should be able to reach the minimum turn rate, the highest climb 

rate, and maintain the defined cruising speed in the search area (this is influenced by the camera shutter speed). 

These performance parameters have the greatest impact on the aerodynamics requirements, on the propulsion 

system, and the structural design of the platform requirements.   

¶ Aerodynamics ï An aircraft must be aerodynamically stable and capable of performing all the required 

maneuvers, including safe takeoff and landing.  

¶ Aerodynamic loads ï Design of the airframe structure, which will withstand all the maximal loads, stresses, 

vibrations, and landing impact applied during the mission.    

¶ Imaging system ï The camera must meet the mission requirements. Parameters include the resolution, quality, 

frequency of the images taken, weight, compatibility to the system and reliability. 

¶ Subsystem compatibility ï Various components must be compatible with each other, to transmit the data and 

the correct orders. The choice of inner components was affected by this factor. 

¶ Ground stations ï The stations manned by the human personnel who operate the system from the ground must 

be reliable, possess high computational capabilities, and be portable. In addition, it must be possible to deploy 

and operate them quickly and easily. 

¶ Image Processing ï The appropriate hardware and software must be installed so that the system can perform 

tasks such as objects detection, localization, and mapping. 

 



 

 

                                                                

- 4 - 

TAS ï The Technion Aerial Systems Team 

This year, we emphasized areas that were not yet realized in the previous platforms. The main concept has 

undergone numerous improvements: 

¶ Autonomous landing ï The system can land autonomously. Several design changes were implemented to 

achieve this task: new wing flaps allow decreasing the touch-down speed, and a range-finder enables more 

accurate estimation of flight altitude. 

¶ Obstacle Avoidance Task ï A completely new algorithm was implemented. This sample-based algorithm 

performs avoidance of static and dynamic obstacles. 

¶ Propulsion system ï More powerful engine models provide better performance during the flight. The model 

includes increased propeller diameter and a new engine location to improve aerodynamics, thrust efficiency, 

and the stability of the system. 

¶ Airdrop ï A shock absorber was designed and added to the bottle in order to assure safe water delivery. 

¶ Structure optimization ï The updated composite skin structure decreases the weight of the airplane, increasing 

flight durability and aerodynamic characteristics. New servos models also contribute to decreasing the 

platformôs overall weight. 

¶ System installation optimization ï Subsystems were transformed into modular subsystem clusters, in order to 

ease maintenance overhead.  

¶ System redundancy improvement ï New, more capable batteries were chosen for the platform. Together with 

replaced voltage regulators and connectors, they provide improved system capabilities and reliability.  

¶ Gimbal design ï A new gimbal was designed, offering more accurate stabilization and tracking, as well as a 

reduction in overall weight. 

¶ Antenna tracker ï The antenna tracker was renovated and redesigned. 

¶ Imaging Console ï The imaging console has undergone several improvements, including: better 

communication with the judgesô server and the Mission Planner environment; increased image download speed; 

improvement of the ADLC algorithm; increased mapping precision; and Real Time Kinematic (RTK) 

integration for improved navigation and mapping precision. 

1.3 Programmatic Risks and Mitigation  

This year, risk assessment was based on the accumulated experience of previous years and current environmental 

factors. This section sums up all the evaluations, their probable impacts on the project, and the means by which 

issues were mitigated, from the most harmful to the least harmful. The risks may be divided into following: 

¶ Timetable delays 
If the defined tasks are not completed on time, subsequent tasks are at risk of inheriting the delay; consequently, the 

entire project may be delayed.  

Mitigation methods: 

o A firm timetable and plans were defined at the beginning of the project. Adherence to this schedule was 

emphasized as a criterion for the success of the project. 

o Weekly meetings are conducted in order to keep track of the progress of each task and to evaluate the 

likelihood it will be completed according to the timetable. Some tasks may be performed simultaneously, and 

others consecutively, thus requiring prioritization. 

¶ Insufficient mission experience  

Flight time must be accrued for successful demonstration of the mission.  

Mitigation methods: 

o Flight training for the crew was initiated during the early stages, using last yearôs design. The complete set of 

mission capabilities was tested with the old platform, which provided an overall view of the required working 

process. 

o Mission simulations were performed in order to train pilots using the Software in the Loop (SITL) system. 

¶ Integration 

The project brings together a large number of participants from two faculties ï Aerospace Engineering and Electrical 

Engineering. Contradictory engineering requirements or solutions may endanger the operability of the system as a 

whole. Many solutions require consultation among several project members. 

Mitigation methods: 

o Weekly meetings are conducted as mentioned above. The project team discusses the work of each project 

member during the meetings. 

o A single supervisor and mentor, highly experienced with leading projects of this scope, to assist in guiding 

the crew in the development and testing phases, and with organizational aspects. 
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Figure 3 Hollow All -Composite Wing Structure 

Figure 2 STRIX system drawings: Left, Front, Top 

¶ Adherence to the competition rules 
While maintaining enthusiasm for creating a better airplane, strict adherence to the competition rules is important in 

order to avoid penalties. 

Mitigation methods: 

o A team member was assigned the task of familiarizing himself with the competition rules at the highest 

level, so that he could supervise the entire process to ensure the final design met all the requirements. 

¶ Crash of the airplane 
As in any system, there is a risk of failure during the real-time mission. If this happens during the final demonstration, 

not much can be done; however, the effects of a crash during the preceding flights can be mitigated. 

Mitigation methods: 

o Some of the training missions were conducted on the previous yearôs system and Test Model A/C. 

o Two additional vehicles were constructed to serve as a backup in case of accident. 

2 System Design 
This section describes the design of the UAS system. It covers 

all areas of platform development, the design rationale for 

implementing each decision, and the selection of the final 

design solutions.  

2.1 Aircraft  

This section describes the design of the aircraft, including its 

build, the aerodynamics and propulsion aspects, the payload 

system, and the general architecture. The improvements 

made to the system in the current year are emphasized. 

2.1.1 Design 

The 2017 aircraft structure comprises five parts: two wings, 

the fuselage, the tail unit, and the upper access panel. Each 

part is designed to be detachable in order to allow quick 

access to all the inner airplane subsystems, easy maintenance, 

and convenient transportation. Figure 2 illustrates the general 

outer structure and provides the dimensions of the airplane. 

Although the configuration is similar to that of the previous 

year, several major changes were implemented to improve 

system performance during missions. The structure was 

optimized by reducing the platformôs weight, while 

maintaining the structural strength in the flight envelope. 

The wing structure is hollow, comprised of a ñsandwichò of 

two skin layers, with a ñUò section beam. The main beam is 

designed to support the bending stresses of the wing. The aft 

beam, the main beam, and the skins define the torsion box of 

the wing.  

Since one of the biggest surfaces of the airframe is the wingôs 

skin, we focused on its optimization. It was decided to retain 

the sandwich structure of the carbonïbalsa wood core, and 

reduce weight by changing the thickness and stiffness of the 

balsa core while keeping the same carbon layers. In order to 

choose the optimal mechanical properties of the wing skin, two 

tests were conducted: a strain experiment and a 3-point bending 

experiment. The weight of each sample was also compared.  

In addition, finite element analysis was performed in order to 

determine stress along the wing span and wing tip deflection. 

Finally, we performed a wing loading experiment to validate 

the theoretical estimates and the manufacturing process. The 
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Figure 5 Airplane overview 

results may be seen in the appropriating section in the document. In addition, along the fuselage itself, four 

imbedded longerones were installed between the layers to further increase the bending stiffness. Several frames and 

reinforcements were added in places of concentrated loads.  

In order to further reduce its weight, we chose to use a 120 g/m^2 carbon fiber woven sheet, instead of the 

previously used 195 g/m^2 carbon fiber sheet. In addition, we reduced the number of layers that were used, keeping 

in mind the overall desired airframe strength.  

The aft portion of the fuselage comprises a detachable cylindrical tube made of a unidirectional carbon layer on top 

of a plain weave layer with an epoxy polymer composite. This resulted in a further reduction in weight, compared to 

the previous year. Figures 4 and 5 provide a general overview of the airplane, with the inner systems installed. 
 

 

Aircraft Dimensions Horizontal Stabilizer Vertical Stabilizer Main Wing  

2.09 m Length NACA 0012 Airfoil  NACA 

0012 

Airfoil  Douglas 

LA203A 

Airfoil  

2.9 m Width 0.75 m Span 0.35 m Span 2.9 m Span 

0.686 m Height 0.165 ά  Area 0.085 ά  Area 0.708 ά  Area 

12 Kg Weight 3.4 Aspect ratio 1.44 Aspect ratio 11.85 Aspect ratio 

35 min Endurance Velocity Propulsion System Figures of merit 

18.6 nmi Range 23 knots Stall speed 2700 W Motor power 16.9 kg/ά  Wing loading 

600 ft/min Rate of climb 32 knots Cruise speed 18X10 Prop. size 225 W/kg Power loading 

60 ft Minimal turn 

radius 

50 knots Max speed 14.8 V  

30 Ah 

Batteries 3.5 Max load 

factor 

2.1.2 Aerodynamics 

During the current year, the main emphasis in aerodynamics was put into four main improvements: engine location 

optimization, tail stabilizer redesign, the addition of wing flaps, and a new, aerodynamic gimbal cover design.  

¶ Engine Location  

In the red team examination, we found that no attention was given to the location of the engines in the previous 

yearôs project. As the engines are located on the wings, they have a great deal of influence on the air flow around the 

wings. It was decided to look into the location of the engines more closely. Engine location influences several 

aspects, such as air flow around the wings, blade clearance from the fuselage and the ground, stability in the event 

an engine loses power, and ease of manufacturing. In addition, there are several parameters that define the location 

of the engines, which include the spanwise location (distance from the center line), the vertical location (distance 

from the cord upward or downward), the mounting angle (angle between the engine axis and the chord), rotation 

direction, and the streamwise location.  

Figure 4 STRIX overview, main components labeled 

Gimbal, 

Camera, 

IMU 
ODROID 

Jetson TX1 

GPS antenna 
 

Pixhawk, RFD900 
 

Air -drop Mechanism 
 

Pitot 

tube 
Bullet M5 

Batteries 

Futaba 

Switch 

Ethernet 

Gimbal 

controlle

r 

Battle 

Switch 
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Figure 7 Engine location repositioning 

Figure 6 Lift distribution dependence on 

direction of propeller rotation  

Plain Flaps 

Ailerons 

 

Figure 8 Vertical stabilizer redesign 

Due to limitations in the manufacturing capabilities, it was decided to 

retain the mounting angle of 0 degrees, the vertical location to be at the 

chord, and the same streamwise location of the same position as in the 

previous year, although all those parameters do affect the local angle 

of attack. On the contrary, the rotation and the spanwise location, 

which also affect the local angle of attack, have no effect on the 

complexity of manufacturing.  

The wing closer to the airplane fuselage has a longer chord, which 

contributes more to the lift; it was therefore decided to rotate the 

propellers inboard up, as described in Figure 6. While the spanwise 

location has a negligible effect, there is still an increase in performance 

proportional to the distance of the engines from the center line. The 

more important aspects are the ground clearance and the lateral 

stability in the event a single engine is lost. In analyzing the ground 

clearance for landing on one wheel, it was found that for the STRIX 

propellers of 18 inches, the location of the engines is 

required to be at most 460 mm from the centerline. 

Lateral stability in the event of engine loss must also be 

considered. In this situation, the single engine is required 

to overcome the drag forces, and in general, provide 

additional thrust in the event of emergency. While 

performing these maneuvers, lateral airplane stability must 

be maintained. 
The thrust the single engine must provide in this case must 

be at least the value of last yearôs design. In that extreme 

case, it was verified that the vertical stabilizer provides a 

sufficient countering moment at the maximum sliding 

angle, which is proved in the following table. The forces in 

the calculations are pictured on the right side of the table. 

By comparing the existing twin-

engine configuration planes, we 

can observe that the average 

engine location/half-wing (A/B 

in Figure 7) span is 0.275.  

If we consider the ratio to be the average of the presented airplanes, the engines in our system must be located 371 

mm from the center line. In the STRIX design, the engines are located 380 mm outboard from the centerline, staying 

relatively close to the recommended value. From this, we will put a limit on engine thrust for single engine loss to 

2.2 kgf. 

¶ Vertical Stabilizer 

This year, we improved the aerodynamics and structure of the 

vertical stabilizer by eliminating the dorsal fin. We incorporated its 

stabilization moment into a new integral shape of the vertical 

stabilizer, which was evaluated and tested during the flight tests. 

We found that the new tail increased the tail volume by about 300 

cm^3, 0.3 %. While the moment remains almost the same, the 

wetted area decreases by 91 cm^2, 9.6 %, meaning less drag for 

the new design of the tail stabilizer. 

¶ Wing Flaps 

The main improvements include the wing configuration. 

Flaps were added to the wings to enable autonomous 

landing and minimize the risk of high speed touchdown 

impact. It was decided to add a 0.25 chord plain flap 

along the existing aileron line. According to our analysis, 

the addition of flaps will increase the maximum lift 

  
arm 

[m] 

force 

[N]  

force 

[kgf]  

moment 

[Nm] 

Tail moment 1.16 7.29 0.74 8.43 

Engine moment 0.38 22.18 2.26 8.43 

Figure 9 Wing flap addition overview 

Last yearôs engine 

location 

Proposed engine location 

Wing 
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2016 Nose 

Design 
New Nose 

Design Camera 

200 mm 

335 mm 

282 mm 

Figure 11 Nose cover redesign 

Figure 10 Increase in Cl parameter vs the flap angle 

Figure 12 Module architecture 

coefficient during landing by 0.6 and decrease stall speed by 

15%. Consequently, it will decrease the touchdown speed. 

These benefits will help us to perform soft, safe autonomous 

landings, minimize the risks involved in that action, and 

increase our system reliability. The addition of flaps is a low-

cost solution which is simple to produce.  

¶ Nose Cover 

The gimbal shell shape was redesigned in order to reduce the 

aircraft drag and improve its lateral stability. The nose was 

adapted to have the same height as the fuselage of the aircraft 

and the cross-section of the nose was reduced to the minimum. Its 

dimensions were chosen to accommodate the gimbal and camera 

with minimum required clearance.   Figure 11 illustrates the entire 

new gimbal and nose.  

2.1.3 Fabrication 

First, the molds for the aircraft parts were designed using a 3D CAD 

model. The mold was produced from MDF wood, using CNC 

machinery. A total of 50ï52 epoxy-infused composite layers were 

then placed onto the mold and vacuum bagged. Once the epoxy-

infused carbon composite hardened, the part was then trimmed to 

the correct dimensions and shape. In addition, 3M DP460 structural 

epoxy adhesive was used as needed. 

The fuselage consists of carbon/epoxy layers (with a specific weight 

of 195 g/m). The open "U" cross section of the fuselage was 

reinforced by four 

embedded 

reinforcements made of 

unidirectional (UD) graphite and a Rohacell core, to increase the 

fuselageôs bending resistance.   

Additional reinforcement ribs were added to critically stressed spots. 

The aileron/flap hinges were made of Aramid fiber (Kevlar), and were 

integrated inside the layered structure of the upper wing skin. The 

wings were connected to the fuselage using a carbon tube, which was 

inserted into the aluminum housing within each wing. The wing joiner 

was inserted into the wingïfuselage attachment on the fuselage. 

2.1.4 Propulsion 
This year's UAV is maintaining the twin motor configuration of the previous yearôs platforms, retaining one motor 

on each wing. This twin motor configuration is suitable to our fail-safe design, to achieve safe landing in the event 

one of the motors fails during the flight. In addition, this configuration allows us to use a front payload mechanism 

(a gimbaled high resolution camera) without any disturbance by landing gear or propellers. 

After evaluating last yearôs flights and a crash of one of our platforms during a touch & go maneuver, the cause of 

the crash was investigated. Taking into account the increased weight of the platform, the investigation concluded 

that the propulsion system provides an insufficient thrust-to-weight ratio (T/W). We therefore decided to employ a 

new combination of motors, electronic speed control (ESC), and propellers to resolve the problem. The new 

combination was chosen to increase the T/W ratio to the maximum, while maintaining adequate flight time to 

complete the competition tasks. 

The final configuration is: 2X Scorpion HKIII-4035-560 motors, Scorpion Tribunus 120A ESC, and APC 18X12 

propellers. The (T/W) ratio increase in comparison to the last 

yearôs design is 2.3. 

2.1.5 General Architecture 

Figure 13 illustrates the general architecture of the system, 

showing all the internal subsystems and components. Another 

improvement in the STRIX system is the separation of  
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Figure 13 STRIX System Architecture 

specific subsystems and components into modules. The modular architecture allows easier maintenance and 

troubleshooting, in addition to providing a clean and well organized interior. The table in Figure 12 shows the 

contents of each system module. 

 

2.1.6 Payload ï Gimbal 

This year, the camera gimbal was improved. The structure was optimized, allowing 

weight reduction and much more accurate stabilization and tracking.  

The gimbalôs design was optimized with weight-reducing holes and the use of a stronger 

material: ABS, with a density of 1.04 g/cc and a tensile strength of 43 MPa. A stress 

analysis was performed to ensure the gimbalôs integrity under loads during the flight. The 

maximum force of the camera was calculated to be approximately 17.2 N (considering the 

camera mass of 0.5 kg acting at the 3.5 g load factor). The results of the model analysis 

are presented in the Developmental Tests section.  

Another important aspect of the gimbal is the inclusion of two separate axis motors. Two 

brushless motors were chosen: one with a torque of 2200 g @ 5 V and 0.6 A for the roll 

axis, and another with a torque of 700 g @ 5 V and 0.43 A for the pitch axis. 

2.2 Obstacle Avoidance 

In order to successfully complete the Obstacle Avoidance task, we proposed and implemented a new, innovative 

method. This method belongs to the series of the Sampling-Based Motion Planning algorithms. The STRIX system 

uses the Rapidly Exploring Random Tree (RRT) algorithm as the basis and its extension, called the RRT-star, which 

aids in finding the most optimal path ï a trajectory between the waypoints that minimizes the cost function, subject 

to given constraints (e.g., obstacles ad flight zone). The function is based on sampling random points in the region of 

interest (nodes), connecting them in the form of a path net to existing nodes, further investigation of the cost 

function of reaching every one of them, and rewiring the net in the process of adding the new nodes. The process 

can be performed at any time and takes into consideration the waypoints that the platform is about to move along. 

By examining each sequential pair of waypoints for collision detection (taking the fly-zone borders into 

consideration), the algorithm is then run on those waypoints in which the detection returns a positive result. Another 

script is then executed to eliminate the superfluous waypoints in the flight path. The aim is to give a minimal 

number of commands to the aircraft in order to fulfill the task while ensuring the aircraftôs behavior is not overly 

complex during flight.  

Figure 14 Gimbal  
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Obstacles 

Figure 15 SDA algorithm handling an array of targets (right image ï before, left image ï after) 

A MATLAB graphical user interface (GUI) was first developed to test the capabilities of the algorithm, where it 

successfully showed its effectiveness. It was later implemented in the Mission Planner software and is executed now 

as an integral part of the Mission Planner environment. Figure 15 displays the Mission Planner GUI, where the 

platform succeeds in finding the path among an array of obstacles and automatically changes the route of the UAV 

to eliminate any chance of collision, even while the UAV is still on the ground. Last yearôs algorithm, which 

operates online, is maintained as the backup solution in the event the main algorithm fails. 

2.3 Imaging System (Payload System) 

High resolution pictures and sufficient computing power are required for both manual and automatic target 

recognition, along with satisfactory frame rate. A separate survey was conducted regarding all parts of the payload, 

the camera, the gimbal, the interface between the camera to the onboard computers and to the ground station, the 

efficiency of the onboard computers in terms of computing power, power consumption, physical dimensions, and 

cost efficiency. The survey showed that there is no need to replace the Sony a6000 camera from last yearôs system 

and that newer versions of the camera or other camera type options do not give us significant advantages. It was 

therefore decided to concentrate on improving the other parts of the payload system.   

In short, the Sony a6000 has a 24-megapixel APS-C CMOS sensor and we use it with a Sony 16-50 F3.5-5.6 OSS 

lens, which provides 3.1x zoom and a focal range of 24ï75 mm (35 mm sensor equivalent). The camera is attached 

to a 2-axis gimbal and is connected to an on-board computer (OBC) via USB cable. Real-time positioning and 

orientation of the camera is tracked using a dedicated Attitude and Heading Reference System (AHRS). A custom 

circuit uses the cameraôs flash signal to achieve precise synchronization between images and the AHRS readings. 

In order to improve system stability, the Sony a6000 was equipped with a new metal-oxide semiconductor field-

effect transistor (MOSFET) custom circuit to enable hard reset option during flight. 

The ODROID OBC, which handles camera control and communication with the imagery console, was updated from 

version XU3 to XU4. This version has much more computing power, with lower power consumption and smaller 

dimensions. 

The dedicated onboard computer 

(OBC) that handles image 

processing tasks was updated from 

NVIDIA Jetson TK1 to the Jetson 

TX1 for the same reasons.  

This setup ensures quality and 

reliability of image acquisition and 

processing and minimizes the risk 

of performance loss. System wiring 

was redesigned in accordance with 

the above modifications. The new 

wiring scheme provides an 

excellent tool for health monitoring 

and ensuring safe operation and 

testing of the platform. 

Figure 16 Imaging system architecture 






















