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Introduction \IISI'lN

SUMMIT

ADVANCED TECHNOLOGY LABS

OUR MISSION

De-risk innovation investments and deliver breakthrough
solutions that scale for our customers.
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The Advanced Technology Team VISIN

SUMMIT

PRODUCT FOCUSED INNOVATION
Disrupting today, transforming tomorrow

EXPERTISE: MACHINE & COMPUTER INTELLIGENT ROBOTICS &

DEEP VISION SYSTEMS AUTOMATION
LEARNING
YEAR PRODUCT ROBOTICS ENGRS, DATA STRATEGIC
OUTLOOK SCIENTISTS. ML ENGINEERS, PARTNERSHIPS
SW DEV, UX
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Advanced Technology Labs: Wabtec Innovation

REAL-TIME ASSET & CARLOAD
INVENTORY TRACKING SYSTEM
— z \B ‘ 3 -,_ S

SPIKING VEHICLE
0, Wabtec ., :c:osysievs
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Al WITH EXISTING CAMERA HW FOR
DERAILMENT & ENVIRONMENTAL RISK

PASSENGER DETECTION &
DETECTION MAPPING SYSTEMS

e
« Known Al (YOLOS) & CV methods (SIFT)
+  Position sensing (PREF unit & /ML)
+ Low-cost edge compute (Jetson nano TX2)

Initial experiments yield estimates well within the 7.2 feet requirement

ADVANCED PERCEPTION SYSTEMS WITH
MULTI-SENSOR FUSION FOR TRAIN
AUTOMATION

COLLABORATION WITH RESEARCH
PARTNERS & ADJACENT INDUSTRIES

© 2024 Wabtec



embedded ‘
Hybridized Edge Deployment VISION

SUMMIT®
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Approach to Edge Device Deployment VISI'N

SUMMIT

Approaches for Optimal (or at least

Metrics to Consider
Target) Performance

* Llatency
 Throughput

*  Memory

* Power consumption
* Model size

* Accuracy

e Parallelism

* Model conversion to TensorRT

* Use a smaller model architecture
* (Quantization

*  GPU-specific libraries

*  Model pruning

* Batch size optimization

: ::upzlmmg * Input resolution

ardware *  Profiling and benchmarking
e Portability
‘0)) Wabtec
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Example 1: Transit — Bus Doors
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VaporBus — Vision Application VISI'IN

SUMMIT

VaporBus is the principal door equipment supplier to
the North American bus industry.

Current Product VaporBus Vision Solution Advantages

« CLASS — Contactless Acoustic Sensing * Better specificity

System. * Improved coverage area.
* Acoustic sensors to detect passengers™ Configurable detection/action zones
in doorway. Improved responsiveness.
Cha"enges

Coverage of sensors - limited.
 Dead zones in the coverage area to account for

environmental changes — E.g., Door handle reflects sound.
* Environment change.

@ Wabtec
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VaporBus Vision Overview VISIN

SUMMIT”
QUALITY ASSURANCE PASSENGER DETECTION B PASSENGER COUNTING
DETECTION
* Flag outlier frames ® Detect passengers near e Risk mitigation to avoid e Count passengers getting
before the algorithm door for touchless open. closing of door on in and out of the bus.
passengers
CLASS Coverage :
(blue shaded regions)
CURB SIDE
Vision Coverage Bus Door
(brown region) . 7
*  Yellow line — Collision Zone
OO) Wabtec
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VaporBus High Level Solution Diagram VISIN

SUMMIT

Displayed on GUI

- Countin
On device Door State . 8 ® (in-passenger- count and out-
Memory (Authorized, Closed, gorithm passenger-count)
Closing) N
Recorded Purectuons,
. in count,
videos( door
out count
cycle)
Models
Live frame
Passenger Detecti
. etections
Detection Check if
Top view N passengers/ lf detected  gand message to
of door area " ob!ect s in driver to open.
. active Zone
Live frame Obstruction

detection
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Example: Object Detection VISIN

SUMMIT®
[ ] |
_“ | ~8000 images

Annotate/ Label images

. Head 0.91

JFret 0.28
) é

Model training
(~48 hours)

Augmented images
~63000 images

Model

@ Wabtec
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Example: Obstruction Detection Journey VISI'N

SUMMIT®
Model is trained exclusively on background images not on the objects

. Deviation as Anomaly: When inferencing new frames, any departure from this learned background signifies
an anomaly or an object of interest.

2. Segmented
DNN

Annotate/ Label Binary Masking to get _
~1000 Images Objects in images background mask Segmentation Model

@ Wabtec
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Example: Passenger Counting VISITN
SUMMIT’
passenger
Assigned IDs count ingress
to heads Direction
Model Object R Check Counting T
Detections Tracker Direction Logic l
DeepSort Tracker passenger
count egress
@ Wabtec
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Edge Compute VISIN

SUMMIT

Jetson Orin for Next-Gen

Robotics | NVIDIA Constraining Issues

. Target cost

*  Model size, Image size, core programs

NVIDIA® Tegra® X1 series SoC . Competition for CPU

* NVIDIA Maxwell GPU o  Vision tasks

*  ARMP® quad-core Cortex®- A57 CPU Complex >  Camera driver
4GB LPDDR4 memory »  Video feed
16GB eMMC 5.1 storage >  Pre & post processing
Gigabit Ethernet (10/100/1000 Mbps) o  Core tasks
PMIC, regulators, power and voltage monitors >  Web GUI
260-pin keyed connector (exposes both high-speed and >  State Machine

low-speed industry standard 1/0) »  Hardware

On-chip temperature sensors = |/O
@ Wabtec . (E:?CN e
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https://www.nvidia.com/en-us/autonomous-machines/embedded-systems/jetson-orin/
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Holistic Approach to Compute Constraints VISIN

SUMMIT

How to ingest & supply the incoming video stream as quickly as the system
can handle it...

Serially: Lo
1 GPU ﬂ GPU 1 GPU Traln- -> ONNX.—-> TensorRT -> Docker
v" Architecture Sizing
Prep —> Model —> Post Process o
f cru J cru f cru v' Quantization
v" GPU-Specific Libraries
Parallel: =24 -28 fps
CPU |ﬂf’er GPU max(CPU time, GPU time) rather than sum(CPU time, GPU time)
4—
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Example 2: Freight Rail Audit
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Freight Rail Audit: Need VISIN

SUMMIT

Key Infrastructure Detection & Dead Reckoning (DR)
Utilize the existing onboard camera to identify key Positive
Train Control (PTC) and wayside assets... as well as, using
those assets for DR.

Track Inspection
Identify track and equipment irregularities that can cause
a derailment

Environmental
Identify environmental factors around the track that pose
a safety risk

@ Wabtec
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Freight Rail Audit: Approach wsmﬂ

SUMMIT

Defect & e Action: . . . .
Asset Localization Cla%flg_caktlon Onboard & Most solutllons‘fgund in the literature rely
Detection IS Offboard on expensive vision sensor ensembles

_ : making the value proposition questionable
e ML Algorithm e Onboard PREF e Track Health * Onboard display

* Tag & Time * Epipolar » Vegetation * Urgent Alert . S
Stamp Geometry o Accet « Onboard record Initial ajctempts focused on. calibrating the
o —— « Upload for FOV to infer the AOV and finally to calculate
/ remote health the distance to the object. This led to large
'&VQL/ R assessment error propagation.

* The solution developed focuses on elegant
hybridization of epipolar geometry, artificial
intelligence, and classic CV methods.

* The algorithm uses a hybridized pipeline of
x = distance to the object of pre-trained, size appropriate algorithms

R = rotational matrix & onboard locomotive hardware to keep the
t = transition displacement solution as simple as possible

0, wabtec x K = camera matrix
13
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Edge Compute — Onboard Optimization Approach VISI™N
SUMMIT®
Defect & Asset Localization Action: Onboard & CIassificatiqn & Risk
Detection Offboard Metrics
® Object Detection Model e Correspondence Point ® Onboard Device e Detection Accuracy
sizing Detection ©®Golink e Track Health
®Yolo V5 Nano o SIFT e Memory ¢ VVegetation
* MobileNet V2 * BRISK * 16GB of DDR4 RAM * Asset
OFAST - BRIEF ®32GB of DDR4 * Risk Probability
RAM e Frame Rate
e CPU
*i7-6600U
®i7-1185FRE
@ Wabtec
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Recap VISITN

SUMMIT

 Performance is dependent on system understanding

 Keep the target in mind when performance tuning

e Effective team collaboration with appropriate skill complementarity
* All contributors to the algorithm should be considered

* Performance targets are a function of:
Functional specifications
Solution Architecture
Hardware
Software
Cost

@ Wabtec
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Resources VISIN

SUMMIT

e A Comparative Study of SIFT and its Variants

e Brief: Binary robust independent elementary features

e BRISK: Binary Robust Invariant Scalable Keypoints

e Quick Start Guide :: NVIDIA Deep Learning TensorRT Documentation

e Rail Insider-Locomotive technology 2020: What's next is now

e Rail Insider-On-board locomotive monitoring technology (parts 1 & 2)

e Designing Machine Learning Systems

@ Wabtec
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https://intapi.sciendo.com/pdf/10.2478/msr-2013-0021
https://link.springer.com/chapter/10.1007/978-3-642-15561-1_56
https://www.research-collection.ethz.ch/bitstream/handle/20.500.11850/43288/eth-7684-01.pdf
https://docs.nvidia.com/deeplearning/tensorrt/quick-start-guide/index.html#basic-workflow
https://www.progressiverailroading.com/mechanical/article/Locomotive-technology-2020-Whats-next-is-now--59911
https://www.progressiverailroading.com/mechanical/article/On-board-locomotive-monitoring-technology-part-1--47893
https://books.google.com/books?hl=en&lr=&id=EzhwEAAAQBAJ&oi=fnd&pg=PP1&dq=designing+machine+learning+systems&ots=X5uiS8Hk9b&sig=sWQDspfFqBTDULw4Wn7uffCoIFU

