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1 Introduction 
1.1 Problem Statement 
Traditional package inspection and sorting systems often rely on frame-based cameras and 
external computers for image processing and classification. Although these systems can provide 
acceptable results, they usually require high data bandwidth, significant computation, and a 
complicated setup. This makes them less suitable for embedded real-time applications that 
require compact size, low cost, and standalone operation. In many existing demonstrations, the 
result is mainly a classification output shown on a screen, rather than a complete physical 
sensing-to-actuation loop for real package handling. 

In practical sorting scenarios, packaged items may be damaged during transportation or handling. 
If damaged packages are not detected in time, they may continue through the logistics process, 
reduce product quality, and increase labor cost for later inspection. Therefore, there is a need for 
a low-cost embedded system that can automatically inspect passing packages in real time and 
separate acceptable packages from damaged ones. 

Our project addresses this problem by building a standalone smart sorting system based on a 
Dynamic Vision Sensor (DVS), FPGA-based event processing, and a physical output 
mechanism. As packages move on a conveyor under the DVS camera, the sensor generates 
asynchronous event data from brightness changes around the package surface and edges. The 
FPGA processes this event stream in real time to determine whether the observed package is 
acceptable or damaged. The final decision is then converted into a visible and physical response, 
such as LED indication and actuator-based sorting. In this way, the project demonstrates not only 
package inspection, but also a complete embedded hardware pipeline from sensing to decision to 
actuation. 

Another important goal of this project is to make the system operate as a true embedded device 
rather than a software-assisted lab setup. After power is applied, the system should automatically 
start sensing, processing, and responding without requiring a separate computer for normal 
operation. This design improves practicality and better matches the goal of building a low-cost 
and potentially marketable embedded package inspection and sorting platform.  

1.2 Solution Overview & Visual Aid 
The proposed solution is a low-cost standalone smart sorting system composed of five major 
parts: a DVS camera, a conveyor or motion platform, an FPGA processing board, an output 
subsystem, and a power/system integration module. During operation, packaged items move 
through the field of view of the overhead DVS camera on a conveyor. When a package passes 
through the sensing region, the DVS generates asynchronous event data corresponding to 
brightness changes caused by the package shape, edges, and possible surface defects. These 
events are transmitted to the FPGA through a high-speed interface. 



 

 
 

Inside the FPGA, the event stream passes through several processing stages, including event 
parsing, buffering, preprocessing, feature extraction, and decision logic. Based on the detected 
event pattern, the FPGA determines whether the package is acceptable or damaged. The result is 
then sent to the output subsystem, which provides a clear physical response. For example, an 
acceptable package may trigger a green LED and continue along the default path, while a 
damaged package may trigger a red LED and activate a diverter to send it to the reject path. This 
end-to-end workflow allows the audience to directly observe package movement, event sensing, 
FPGA-based real-time processing, and physical accept/reject behavior in a single embedded 
platform. 

 

Figure 1. Visual overview of the proposed smart package inspection and sorting system. 
Packaged items move on a conveyor under a DVS camera. The event stream is processed by the 
FPGA in real time, and the classification result drives an LED indicator and a sorting actuator to 

separate acceptable packages from damaged packages. 

1.3 High-level Requirements List 
The smart sorting system shall meet the following high-level requirements: 

1.3.1 Real-Time Detection Requirement: 



 

 
 

The system shall correctly classify passing packaged items as acceptable or damaged with at 
least 90% accuracy under the defined demonstration conditions. 

1.3.2 End-to-End Response Requirement: 

The system shall maintain an end-to-end latency below 50 ms from event sensing to output 
actuation. 

1.3.3 Standalone Operation Requirement: 

The system shall operate as a standalone embedded platform without requiring an external 
computer during normal demonstration, and it shall support one-button startup after power is 
applied. 

1.3.4 Conveyor Stability Requirement: 

The motion platform shall move objects through the sensing region with speed variation within 
±10% of the target speed. 

1.3.5 Output Response Requirement: 

The output subsystem shall correctly route packages to the corresponding accept or reject path in 
at least 90% of test cases. 

2 Design 
2.1 Overall System Architecture 

The proposed system is a standalone event-based smart sorting platform that performs real-time 
package inspection and physical sorting based on visual event data. The overall system is 
organized into five major subsystems: the Sensing Module, Motion Platform Module, Processing 
and Decision Module, Output / Sorting Module, and Power and Standalone Integration Module. 
Each subsystem is responsible for a specific stage in the sensing-to-actuation pipeline, and 
together they form a continuous real-time processing loop. 

In operation, objects are transported by a conveyor belt through the field of view of an event-
based camera. The sensor captures asynchronous brightness-change events and transmits them to 
the FPGA-based processing system. The FPGA performs event parsing, filtering, and SNN-
based damage detection to determine whether the package is intact or damaged. Based on this 
decision, a control signal is generated to drive the sorting actuator, which physically directs the 
object to either the accept or reject path. At the same time, LED indicators provide visible 
feedback of system decisions. 



 

 
 

 

Figure 2. The workflow for the whole Smart Package Sorting System. 

We chose smart packages sorting as our practical scenario for accept and reject criteria. 

2.2 Sensing Module 

2.2.1 DVS Sensor Front-End 

The sensing module is responsible for capturing visual information of moving objects in the form 
of asynchronous event streams. The system adopts a Dynamic Vision Sensor (DVS), which 
outputs events only when brightness changes occur at the pixel level, significantly reducing 
redundant data compared to conventional frame-based cameras. 

Hardware: DAVIS 346 Event Camera 

 



 

 
 

 

 

Figure 3,4. The picture and specifications for DVS camera. 

The DAVIS 346 provides pixel-level event outputs with microsecond-level latency, making it 
suitable for detecting motion and structural changes in packages. Its event-driven nature enables 
efficient processing on FPGA and supports low-latency system response. 

2.2.2 Sensing Condition and Event Generation 

The quality of the event stream depends on the physical sensing conditions, including object 
motion, lighting, and surface texture. In this system, events are primarily generated when 
packages move through the camera’s field of view on the conveyor. 

Key factors affecting event generation include: 

• Object motion speed: Faster motion generates higher event rates, increasing detection 
signal strength but also raising the risk of burst congestion.  

• Lighting conditions: Stable illumination ensures consistent event generation, while 
flickering or noise may introduce spurious events.  

• Surface characteristics: Damaged packaging (e.g., cracks or deformation) produces 
distinct event patterns compared to intact surfaces.  



 

 
 

The sensing module is designed to operate under controlled laboratory lighting and a bounded 
conveyor speed range to ensure stable and repeatable event generation. 

2.2.3 Subsystem requirements and verifications 
Requirements Verification 

1. The sensing module shall use the 
DAVIS346 event camera to generate 

asynchronous event streams under 
controlled laboratory lighting. 

1. Operate the sensing setup under fixed lighting and 
run 20 trials of package motion through the camera 

field of view. The module passes if valid event 
streams are obtained in all trials. 

2. For a 10 ms accumulation window, 
background activity shall remain 

below 10 events/window. 

2. Record event accumulation under no-
package/background conditions over repeated 10 ms 
windows. The module passes if the measured activity 

remains below 10 events/window. 
3. For a 10 ms accumulation window, 
package motion activity shall exceed 

100 events/window, allowing a 
threshold near θ = 50 to remain valid. 

3. Record event accumulation during package motion 
over repeated 10 ms windows. The module passes if 

motion activity exceeds 100 events/window, so that θ 
≈ 50 remains between noise and motion conditions. 

Table 1. Requirements and verifications of Sensing Module. 

2.3 Motion Platform Module 

2.3.1 Conveyor Transport Mechanism 

The motion platform provides controlled movement of packages through the sensing region. A 
conveyor system driven by a DC motor is used to transport objects at a relatively constant speed. 

Hardware: DC Motor Conveyor System 

 

Figure 5. The picture of DC Motor Conveyor. 



 

 
 

The real track of packages will be similar to the picture above. 

The conveyor ensures repeatable motion conditions and serves as the physical input generator for 
the entire system 

2.3.2 Conveyor Speed and Detection Reliability 

The conveyor speed plays a critical role in system performance. It directly affects: 

• Event rate (higher speed → more events)  
• Detection window duration  
• Buffer load in FPGA  

If the conveyor moves too fast, the system may experience: 

• Insufficient accumulation time for detection  
• Increased event burst leading to buffer overflow  

If the speed is too slow: 

• Detection latency increases  
• System throughput decreases  

Therefore, the system is designed to operate within a controlled speed range where reliable 
detection can be achieved without exceeding processing capacity. 

2.3.3 Inspection-to-Sorting Distance Design 

The spatial distance between the sensing region and the sorting actuator defines the available 
response time window: 

Tbudget=
d
v 

where d is the distance between camera and actuator, and v is the conveyor speed. 

This design parameter is critical because: 

• It determines the maximum allowable processing latency  
• It ensures that the actuator can respond before the object reaches the sorting point  

The system is designed such that this timing budget is always greater than the total processing 
latency of the FPGA pipeline and actuator response. 



 

 
 

2.3.4 Subsystem requirements and verifications 
Requirements Verification 

1. The conveyor shall provide controlled 
package motion through the sensing region. 

1. Run repeated package transport tests and 
confirm that packages pass fully through the 

camera field of view in all trials. 
2. The conveyor speed shall remain within the 

designed operating range so that reliable 
detection can be achieved without exceeding 

processing capacity. 

2. Measure the conveyor speed during 
repeated operation and confirm that the 

chosen operating speed is the same as that 
used in detection and timing validation. 

3. The camera-to-actuator spacing and 
conveyor speed shall satisfy the timing 

condition Ltotal < d / v. 

3. Measure the distance d and speed v, then 
compare the available response time d / v 
against the measured system latency. The 

module passes if Ltotal < d / v. 

Table 2. Requirements and verifications of Motion Platform Module. 

2.4 Processing and Decision Module 

2.4.1 Event Interface and Synchronization 

The event interface receives asynchronous event data from the DVS sensor and converts it into a 
format compatible with the FPGA clock domain. This stage ensures reliable communication 
between external sensing hardware and internal digital logic. 

2.4.2 Event Parsing and Buffering 

Incoming event data is decoded into structured information, including pixel coordinates and 
polarity. A FIFO buffer is used to temporarily store events and smooth variations in event arrival 
rate. 

This buffering mechanism is essential to prevent data loss during burst events and maintain 
stable pipeline operation. 

2.4.3 Event Preprocessing 

Before detection, the event stream undergoes preprocessing to improve data quality. This 
includes: 

• Noise filtering (removal of isolated events)  
• Temporal smoothing  
• Basic spatial filtering  

The goal of this stage is to suppress noise while preserving meaningful motion-related signals. 



 

 
 

2.4.4 SNN-Based Package Damage Detection 

This module performs the core detection task. Instead of traditional frame-based classification, 
the system uses an event-driven approach inspired by Spiking Neural Networks (SNN). 

 

Figure 6. The block diagram for SNN Module. 

We plan to experience event input, encoding, filter layer, hidden layer and accumulation to 
obtain a comprehensive output. 

Events are accumulated over a short time window, and the system evaluates whether the activity 
pattern corresponds to damaged packaging. The detection mechanism relies on threshold-based 
activation, where significant deviations in event patterns indicate structural irregularities. 

This design enables low-latency and hardware-efficient implementation on FPGA. 

2.4.5 FPGA Resource and Timing Management 

The processing module is implemented on an FPGA platform: 

Hardware: Terasic DE10 FPGA Board 



 

 
 

 
Figure 7. The FPGA Board DE2-115. 

Category Specification 
FPGA Cyclone IV EP4CE115, 114,480 LEs, 3,888 Kbits memory, 266 

multipliers, 4 PLLs, 528 I/Os 
Memory 128 MB SDRAM, 2 MB SRAM, 8 MB Flash, 32 Kbit EEPROM 
Inputs 18 switches, 4 push-buttons 

Outputs 18 red LEDs, 9 green LEDs, 8 seven-segment displays, 16×2 LCD 
Audio 24-bit CODEC, line-in, line-out, microphone-in 

Clocking Three 50 MHz clocks, SMA clock input/output 
Communication 2 Gigabit Ethernet ports, RS232, PS/2, IR receiver 

Expansion 172-pin HSMC, 40-pin expansion port, SD card socket 
USB USB Type A/B, USB 2.0 host/device support 

Video VGA-out, TV-in (NTSC/PAL/SECAM) 
Power Desktop DC input, LM3150MH regulators 

Table 3. The category and specifications of DE2-115 Board. 

The FPGA is responsible for executing all real-time processing tasks, including event handling 
and detection logic. Resource allocation (logic, memory, and timing) is carefully managed to 
ensure continuous operation without overflow or delay violations. 

2.4.6 Subsystem requirements and verifications 
Requirements Verification 

1. The FIFO buffer shall satisfy B ≥ (λpeak − 
μ)Δt. Using the design assumptions, the 
minimum required capacity shall be 50 

events. 

1. Verify the design using λpeak = 2×10^4 
events/s, μ = 1.5×10^4 events/s, and Δt = 10 
ms. The module passes if the implemented 

FIFO capacity is no less than 50 events. 
2. The implemented buffer shall include a 2× 

safety margin, i.e. B ≥ 100 events. 
2. Check the implemented FIFO depth in the 

design. The module passes if the actual 
capacity is at least 100 events. 

3. The total latency shall satisfy Ltotal < 50 3. Measure or estimate each stage delay and 



 

 
 

ms, with stage budgets of interface + parsing 
< 5 ms, buffering < 10 ms, detection < 30 

ms, and output < 5 ms. 

sum them to obtain Ltotal. The module passes 
if each stage remains within its budget and the 

total latency is below 50 ms. 

Table 4. Requirements and verifications of Processing and Decision Module. 

2.5 Output / Sorting Module 

2.5.1 Output Signal Generation 

The decision result from the FPGA is converted into control signals for both visual and physical 
outputs. This includes LED indicators and actuator control signals. 

2.5.2 Accept / Reject Physical Mechanism 

The system uses a servo-based mechanism to physically sort packages based on detection results. 

Hardware: MG996R Servo Motor 

 



 

 
 

 

Figure 8,9. The picture and specifications for Servo Motor. 

The servo rotates a diverter to direct packages into accept or reject paths. 

2.5.3 Actuation Timing Constraint 

The actuator must respond within the available timing budget defined by conveyor speed and 
spacing. Delayed actuation may result in incorrect sorting even if detection is correct. 

2.5.4 Sorting Accuracy vs. Conveyor Speed and Spacing 

Sorting accuracy is influenced by the interaction between: 

• Detection latency  
• Conveyor speed  
• Camera-to-actuator distance  

The system is designed to ensure that correct decisions are translated into correct physical 
actions within the allowable time window. 

2.5.5 Subsystem requirements and verifications 
Requirements Verification 

1. The output module shall convert 
FPGA decisions into LED indication and 

servo-based physical sorting. 

1. Apply known decision outputs and confirm that 
the LED indicator and MG996R servo both 

respond to the decision signal. 
2. The physical sorting action shall 2. Measure the interval from decision generation 



 

 
 

complete within the available timing 
budget defined by conveyor speed and 

spacing. 

to completed actuator response. The module 
passes if the response remains within the available 

time budget d / v. 
3. The sorting mechanism shall preserve 

correct physical action when the 
detection result is correct. 

3. Run repeated accept/reject tests with known 
decision outputs and confirm that the actuator 

directs the object to the intended path in each case. 

Table 5. Requirements and verifications of Output Module. 

2.6 Power and Standalone Integration Module 

2.6.1 Regulated Power Supply 

The system is powered by an external DC source and uses regulated power distribution to supply 
different modules. 

Different voltage levels are provided to: 

• FPGA board  
• DVS sensor  
• Servo actuator  
• Conveyor motor  

2.6.2 One-Button Startup and Standalone Operation 

The system is designed as a standalone embedded device. After power is applied, the system 
automatically initializes and begins operation without external configuration or computer 
support. 

This ensures that the system behaves as a complete product rather than a laboratory prototype. 

2.6.3 Subsystem requirements and verifications 
Requirements Verification 

1. The system shall operate from a single 
external DC source with regulated 

distribution to the FPGA board, DVS 
sensor, servo actuator, and conveyor 

motor. 

1. Inspect the integrated power setup and confirm 
that all modules are supplied from the same 

external DC source through regulated 
distribution. 

2. Supply variation shall remain within 
±5% during operation. 

2. Measure the regulated output voltages during 
normal operation. The module passes if all 

measured voltages remain within ±5% of nominal 
values. 

3. The system shall boot automatically 
and enter detection mode without external 

computer support. 

3. Perform repeated power-up tests. The module 
passes if FPGA configuration and peripheral 
initialization complete automatically and the 



 

 
 

system enters detection mode without laptop-side 
intervention. 

Table 6. Requirements and verifications of Power and Standalone Integration Module. 

2.7 Tolerance Analysis 

2.7.1 Critical Design Component 
The most critical design component of this project is the end-to-end event-to-actuation pipeline, 
specifically the combination of  

(1) the DVS-to-FPGA event interface and buffering, and (2) the real-time detection and decision 
logic that drives the physical output actuator. 

This is the highest-risk part of the design because it is the point where the project stops being a 
software-only classification task and becomes a standalone embedded hardware system. The 
success of the project is not determined only by whether events can be classified correctly in 
simulation, but by whether the system can reliably transform real sensor events into a timely 
physical response on a low-cost platform without the help of an external computer. 

In the final demonstration, the audience should see a complete hardware loop: an object moves 
through the sensing region, the DVS camera generates events, the FPGA processes those events 
in real time, and the system produces an observable output such as LED indication and actuator 
or diverter motion. Therefore, the true critical function is not only detection accuracy, but 
deterministic real-time event handling under physical operating conditions. 

2.7.2 Source of Risk 
The main design risk is that the event stream generated by the DVS sensor is highly variable. Its 
rate depends on object speed, object contrast, ambient lighting variation, and scene noise. This 
creates three coupled risks: 

1) Event Burst Overflow: If the instantaneous event rate is too high, the FPGA input buffer may 
overflow before downstream logic can process all events. In that case, useful events are lost, 
which may cause missed detections or unstable output behavior. 

2) Threshold Instability: If the detection threshold is selected too low, noise or background 
flicker may trigger false detections. If it is selected too high, real objects may not produce 
enough accumulated activity to activate the sorter. This is a design tolerance issue because the 
correct threshold must remain valid across a range of real operating conditions rather than for 
only one ideal test case. 

3) End-to-End Timing Failure: Even if the logic is correct, the project fails its intended function 
if the decision arrives too late for the actuator to respond while the object is still in the sorting 
region. Thus, latency tolerance is as important as detection correctness. 



 

 
 

For this reason, the most critical risk is not that the algorithm is difficult, but whether the 
hardware pipeline can tolerate realistic variation in event rate and still produce a correct physical 
sorting decision within the allowed time budget. 

2.7.3 Mathematical Tolerance Analysis 

To demonstrate that the proposed system can operate reliably under realistic conditions, the key 
design risks identified above are further analyzed from a quantitative perspective. The following 
subsections correspond to the three primary sources of tolerance concern: detection robustness, 
buffer stability, and real-time response capability. 

1) Quantitative Analysis of Detection Threshold 

The reliability of the detection module depends on the separation between noise-induced activity 
and motion-induced activity within a fixed accumulation window. The accumulated event 
activity is determined by the event rate and the time window, and the detection threshold must be 
carefully selected to ensure robustness. 

Let the event rate be λ (events/s) and the accumulation time window be T (s). The total 
accumulated activity is given by 𝐴	 = 	𝜆𝑇  

For reliable detection, the threshold θ must satisfy the condition: 

𝜆!" 	< 	𝜃	 < 	 𝜆#" 

where 𝜆! is the noise event rate and 𝜆# is the motion-induced event rate. This ensures that noise 
does not trigger detection while real motion does. For example, if 𝜆! ≈ 1×10³ events/s and 𝜆# ≈ 
1×10⁴ events/s with T = 10 ms, then: 

• Noise accumulation: 𝐴!= 10  
• Motion accumulation: 𝐴# = 100  

A practical threshold such as θ ≈ 50 provides a clear separation margin between these two cases. 
This margin is important because in real-world operation, environmental factors such as lighting 
variation and object speed may slightly shift event rates. A sufficiently large separation ensures 
that the system remains stable under such variations. 

2) Buffer Stability and Overflow Tolerance 

The second critical tolerance issue lies in the system’s ability to handle bursty event streams 
without data loss. Since the DVS sensor produces asynchronous events, the incoming event rate 
can temporarily exceed the processing capability of the FPGA. 



 

 
 

To prevent overflow, the FIFO buffer must handle peak event rates. If the maximum expected 
event rate is λ$%&	 and the processing rate is μ, the buffer size B must satisfy: 

𝐵	 ≥ 	 (𝜆#'( 		− 	𝜇) 	 · 	𝛥𝑡 

where Δt is the maximum burst duration. For example, if 𝜆#'( = 2×10⁴ events/s, μ = 1.5×10⁴ 
events/s, and Δt = 10 ms, then B ≥ 50 events. Designing the buffer with at least 2× margin (e.g., 
B ≥ 100) ensures safe operation. 

3) Real-Time Response and Latency Budget 

The total system latency is the sum of delays across all blocks: 

𝐿)*)'+ 	= 	 𝐿,!)-./'0- 	+ 	𝐿12//-. 	+ 	𝐿3.*0-44,!5 	+ 	𝐿*2)62) 

To meet the requirement L_total < 50 ms, each stage must be bounded. For example: 

• Interface + parsing: < 5 ms  
• Buffering: < 10 ms  
• Detection: < 30 ms  
• Output: < 5 ms  

This ensures the system meets real-time constraints. 

4) Standalone Power and System Integration Tolerance 

Another important tolerance issue is system startup and standalone operation. Since the device is 
intended to function as a one-button embedded system, it cannot depend on manual software 
configuration, laptop-side processing, or repeated parameter loading after power-up. 

The integrated hardware is considered tolerant at the system level if all modules power on from a 
single regulated supply, voltage variation remains within ±5%, FPGA configuration and 
peripheral initialization complete automatically, and the system enters detection mode without 
external computer intervention. 

This requirement reduces the risk that the project appears as a partially assembled prototype 
rather than a complete embedded product. It also addresses the instructor’s concern that the 
project should be demonstrable as a real device rather than as a software pipeline assisted by 
external tools. 

2.7.4 Tolerance Conclusion 
The design can be considered feasible if the following conditions are simultaneously satisfied: 

λn Tw < θ < λm Tw 



 

 
 

B ≥ (λpeak - μ) Δt 
Ltotal < min(50 ms, d / v) 

and the system can boot and run from a single standalone power source without external 
computing support. 

If these conditions are met, then the proposed architecture has sufficient tolerance to variation in 
sensor input, event burst rate, and physical timing, and the design should remain functional in a 
real demonstration environment. 

 

3 Cost 
 

The following table summarizes the estimated component costs for this project based on current 
Chinese market prices (RMB). The FPGA development board and the event-based camera are both 
provided by the ECE 445 laboratory and are listed at no direct cost to the team. All remaining 
components are commercially available at low cost.  

Component Description Qty Total (RMB) 

Event-based Camera DVS sensor for asynchronous 
event generation 

1 ￥1100 

FPGA Development 
Board 

Real-time event processing 
platform 

1 ￥0 

Servo Motor Servo-based sorting diverter 
actuator 

1 ￥25 

DC Motor Conveyor 
Belt 

Conveyor platform for 
package transport 

1 ￥900 

LED Indicators 
(Red/Green) 

Visual accept/reject output 
feedback 

4 ￥12 

Regulated Power 
Supply 

External DC source with 
distribution module 

1 ￥120 

Wiring, Connectors & 
Mounting Hardware 

Cables, PCB headers, 
mechanical fixtures 

— ￥80 



 

 
 

Total     ≈ ￥2,237 

Table 8. Estimated project component costs in RMB based on current Chinese market prices. 

 

4 Schedule  
Week Yaxing Zhang (FPGA) Shuke Wang (DVS 

Camera) 
Luying Wang 
(Recognition 

Software) 

Yueyao Si 
(Mechanical / 

Conveyor) 
Week 
1 

Finalize FPGA system 
architecture, including 
event parser, FIFO 
buffer, preprocessing 
logic, and decision 
module interfaces 

Finalize DVS camera 
selection, output 
format, and 
communication 
requirements with the 
FPGA 

Define the target 
recognition method 
and detection flow 
based on event data 
characteristics 

Finalize the conveyor 
and sorting mechanism 
concept, including 
object path, camera 
placement, and 
actuator position 

Week 
2 

Implement the basic 
FPGA input interface 
and verify event 
reception timing 

Set up the DVS 
camera and verify that 
valid event streams 
are generated under 
object motion 

Build the initial 
software-side event 
analysis framework 
for testing detection 
logic and thresholds 

Build the initial 
conveyor platform and 
confirm stable object 
transport through the 
sensing region 

Week 
3 

Develop the event 
parser and FIFO 
buffering logic on 
FPGA 

Test the camera under 
different speeds and 
lighting conditions to 
evaluate event quality 
and stability 

Develop and test 
preprocessing and 
event filtering 
methods to reduce 
noise events 

Design and assemble 
the mechanical support 
for the camera, 
conveyor, and output 
mechanism 

Week 
4 

Implement the 
accumulation and 
threshold-based 
detection logic on 
FPGA 

Optimize sensor 
positioning and 
viewing angle to 
maximize useful 
event generation 

Tune recognition 
thresholds and 
validate target/non-
target separation on 
collected event data 

Integrate LED 
indicator and the first 
version of the sorting 
actuator or diverter 

Week 
5 

Integrate parsing, 
buffering, filtering, and 
decision logic into a 
complete FPGA 
processing pipeline 

Verify stable real-
time event 
transmission from the 
DVS camera to the 
processing hardware 

Evaluate recognition 
accuracy using 
repeated test objects 
and refine the 
classification logic 

Improve conveyor 
reliability and align the 
object path with the 
sensing and sorting 
regions 

Week 
6 

Measure internal FPGA 
processing latency and 
optimize 
timing/resource usage 

Perform continuous 
sensor tests to check 
for event loss or 
unstable behavior 

Perform repeated 
software validation 
and compare 
recognition results 
with expected labels 

Test actuator timing 
and mechanical 
response to ensure 
objects can be sorted at 
the correct location 

Week 
7 

Support full-system 
integration and debug 
FPGA-camera-software 
interaction issues 

Support integrated 
camera testing during 
end-to-end system 
trials 

Support full-system 
testing and improve 
detection robustness 
under realistic 
demonstration 
conditions 

Complete full 
mechanical integration 
of conveyor, mounting 
structure, and output 
subsystem 

Week 
8 

Verify that FPGA 
processing meets end-

Verify that the camera 
subsystem operates 

Verify that the 
recognition software 

Verify that the 
conveyor and output 



 

 
 

to-end latency and 
stability requirements 

reliably during 
repeated 
demonstrations 

meets the required 
detection accuracy 
target 

mechanism operate 
reliably in repeated 
sorting demonstrations 

Week 
9 

Assist final debugging 
and prepare FPGA-
related design document 
material 

Assist final 
debugging and 
prepare sensor-related 
design document 
material 

Assist final 
debugging and 
prepare software-
related design 
document material 

Assist final debugging 
and prepare 
mechanical-related 
design document 
material 

Week 
10 

Support final demo 
preparation and 
presentation 

Support final demo 
preparation and 
presentation 

Support final demo 
preparation and 
presentation 

Support final demo 
preparation and 
presentation 

Table 7. The schedule for project. 

5 Ethics and Safety 
5.1 Ethics 
 

The design and development of this smart package inspection and sorting system involve several 
ethical considerations aligned with the IEEE Code of Ethics and the ACM Code of Ethics. 

Data Privacy and Sensing Scope: The event-based camera used in this system captures only 
brightness-change events rather than full video frames. This design choice inherently limits the 
amount of visual information collected, reducing the risk of unintended capture of personally 
identifiable information. The system is intended solely for package surface inspection in a 
controlled laboratory environment and is not designed to monitor individuals. 

Fairness and Non-Discrimination: The sorting decisions made by this system are based entirely 
on physical event patterns generated by package surface characteristics. The system does not 
incorporate any demographic, social, or identity-related information. Sorting outcomes are 
determined objectively by the detection logic and are not influenced by any biased data source. 

Reliability and Professional Responsibility: As engineers, we are responsible for ensuring that 
the system operates within its defined specification and does not produce harmful or misleading 
outputs. The system is designed for controlled demonstration with defined accuracy targets (≥90%) 
and latency bounds (<50 ms). Any extension to industrial deployment would require additional 
validation, redundancy, and fail-safe mechanisms beyond the scope of this prototype. 

Environmental Responsibility: The system uses low-power event-driven sensing to minimize 
energy consumption compared to conventional frame-based inspection systems. By processing 
only motion-relevant data, the design reduces unnecessary computation and is consistent with 
energy-efficient engineering principles. 



 

 
 

Transparency: The system’s detection logic and classification criteria are fully documented and 
reproducible. Decisions made by the system can be traced back to measurable event patterns, 
ensuring transparency and interpretability of the sorting outcome. 

5.2 Safety 
The physical operation of the smart sorting system involves moving mechanical parts, electrical 
components operating at multiple voltage levels, and an event-based camera mounted above the 
conveyor. The following safety considerations are incorporated into the system design. 

Electrical Safety: The system is powered by a single regulated DC source, and all subsystems 
receive power through regulated voltage rails. Supply voltage variation is maintained within ±5% 
of nominal values. No high-voltage AC connections are used in the system. All wiring is insulated 
and secured to prevent accidental contact during operation. 

Mechanical Safety: The conveyor belt and servo-based diverter involve moving parts. During 
operation, users should maintain a safe distance from the sorting region. The conveyor speed is 
bounded within a controlled range to prevent mechanical instability or uncontrolled ejection of 
packages. The servo motor’s range of motion is hardware-limited by physical stops to prevent 
over-rotation. 

Camera Mounting Safety: The event-based camera is mounted in a fixed overhead position 
above the conveyor. The mounting structure is secured to prevent accidental displacement during 
operation. Users should not reach into the sensing area while the system is active. 

Fail-Safe Behavior: In the event of a detection timeout or signal loss, the system defaults to a safe 
output state (e.g., no actuation, or directing all objects to the accept path) to avoid unpredictable 
mechanical behavior. LEDs provide continuous visual indication of system state. 

Standalone Operation Risks: Since the system is designed to operate without a connected 
computer, the operator should ensure the system is powered off before replacing or repositioning 
objects near the sensing and sorting region. A single power button controls the entire system, and 
all safety checks are performed during the boot sequence. 

The physical operation of the smart sorting system involves moving mechanical parts, electrical 
components operating at multiple voltage levels, and an event-based camera mounted above the 
conveyor. The following safety considerations are incorporated into the system design. 

Electrical Safety: The system is powered by a single regulated DC source, and all subsystems 
receive power through regulated voltage rails. Supply voltage variation is maintained within ±5% 
of nominal values. No high-voltage AC connections are used in the system. All wiring is insulated 
and secured to prevent accidental contact during operation. 

Mechanical Safety: The conveyor belt and servo-based diverter involve moving parts. During 
operation, users should maintain a safe distance from the sorting region. The conveyor speed is 



 

 
 

bounded within a controlled range to prevent mechanical instability. The servo motor’s range of 
motion is hardware-limited by physical stops to prevent over-rotation. 

Camera Mounting Safety: The event-based camera is mounted in a fixed overhead position 
above the conveyor. The mounting structure is secured to prevent accidental displacement during 
operation. Users should not reach into the sensing area while the system is active. 

Fail-Safe Behavior: In the event of a detection timeout or signal loss, the system defaults to a safe 
output state (e.g., no actuation, or directing all objects to the accept path) to avoid unpredictable 
mechanical behavior. LEDs provide continuous visual indication of system state. 

Standalone Operation Risks: Since the system is designed to operate without a connected 
computer, the operator should ensure the system is powered off before replacing or repositioning 
objects near the sensing and sorting region. A single power button controls the entire system, and 
all safety checks are performed during the boot sequence. 
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