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Examples of Intelligent and Autonomous Systems

Autonomous NavigationTraffic Detection



intelligent Digital Systems Lab

DNNs on Intelligent Autonomous Systems
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Our Approach – Intelligent Autonomous System Development Stack
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Research Areas
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Latency-Optimised CNN Inference

Network 
Description

FPGA Target Platform 
Specifications

Automated 
Design Space 
Exploration

Network Hardware 
Mapping

Supplied by 
Deep Learning Expert

Performance 
Requirements

fpgaConvNet

Challenges:
• High-dimensional design space
• Diverse application-level needs
• Utilise the FPGA resources
• Design automation

Synchronous Dataflow Modelling
− Capture hardware mappings as matrices

− Transformations as algebraic operations

− Analytical performance model

− Cast design space exploration 
as a mathematical optimisation problem
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Latency-Optimised CNN Inference
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AlexNet
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GoogLeNet
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DenseNet

fpgaConvNet - FPGA ZC706 FXP16 @ 125 MHz (GOp/s)

TensorRT - GPU TX1 FP16 @ 76.8 MHz (GOp/s)

• Latency-driven scenario à batch size of 1
• Up to 6.65× speedup with an average of 

3.95× (3.43× geo. mean)

fpgaConvNet vs Embedded GPU (GOp/s) 
for the same absolute power constraints (5W)
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Multi-CNN Autonomous Systems

Sensing Perception Decision 
Making
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Performance 
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f-CNNx

Challenges:
• Resource allocation among CNNs
• Design automation

Why?
• Models with different performance constraints
• Competing for the same pool of resources
• High-dimensional design space
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Multi-CNN Autonomous Systems
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• Latency-driven scenario à batch size of 1

• Up to 19.09× speedup with an average of 
6.85× (geo. mean)

0 20 40 60 80 100

ZFNet

PilotNet

SceneLabelCNN

VGG-16

Performance-per-Watt: f-CNNx vs. TX1 at 5W

f-CNNx (ZC706) (GOp/s/W) GPU TX1 (GOp/s/W) (5W)
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Time-constrained Approximate LSTM Inference

CNN LSTM
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• Approximate LSTMs
• Iterative refinement using:

− SVD-based low-rank approximation
− Sparsification (structured pruning)

• Co-optimise given a user-defined time budget
• Custom parametrisable architecture
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Time-constraint Approximate LSTM Inference

Progressive Inference:

Time-Constraints Inference:
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Privacy-aware High-Throughput Inference

Aim: Design an optimised HW 
system (performance and accuracy)

Given:

• A High-Level CNN Description (i.e. Caffe)

• A target FPGA platform

• Training Data

• Testing Data

• Target metric (top1/top-5 accuracy, …)

CascadeCNN:

• Exposes the application-level error tolerance to 
the Design Space Exploration

• Develops highly parametrised search spaces 
for: quantisation & architectural configuration

• Does not require access to the training data

privacy, availability

HPULPU CEU
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Privacy-aware High-Throughput Inference

• Pushing quantization bellow limits of acceptable accuracy to gain performance (high throughput)

• Evaluation of Quality of Prediction to identify and correct error introduced by quantization

Confidence 
Evaluation Unit:
Identify 
misclassified cases

High-Precision Unit: 
Correct detected 
misclassified samples, 
to restore accuracy

Low-Precision Unit: 
Degraded accuracy 
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high performance
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Privacy-aware High-Throughput Inference
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Conclusions

• Efficient deployment of DNNs on embedded devices requires a holistic approach
• Need of tools to help the designer to address the complexity of the design process

Autonomous Navigation

Pose estimation using ML

Embedded SLAM

Traffic Detection
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