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Realization Of Robust Perception Systems1

Figure 2: Seven Requirements to be implemented 
and evaluated In AI System Life cycle

EU Guidelines on Robust & Trustworthy AI
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Figure 3: YOLOv3 Grid Based Approach (Redmon, 2018)

Figure 4: SMOKE Objects As Points Approach (Zechen Liu, 2019)

Perception Stack: YOLOv3 & SMOKE2
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Perception Stack: Demo2

Figure 6: SMOKE DemoFigure 5: YOLOv3 Demo
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• Labels & Predictions in KITTI Format are compared.

(𝑥𝑐 , 𝑦𝑐)

Evaluation Framework3

Figure 7: Evaluation Framework
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(𝑥𝑐 , 𝑦𝑐)

Evaluation Framework: KITTI Data Format3

Figure 8: KITTI Data Format Showing Fields & Values 
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Prescan ground truth sensors allow us to obtain all the information needed for 

labels in KITTI data format. 

(𝑥𝑐 , 𝑦𝑐)

Evaluation Framework: Ground Truth Generation Pipeline3

Figure 9: Ground Truth Generation Pipeline
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(𝑥𝑐 , 𝑦𝑐)

Evaluation Framework: Ground Truth Generator AIR Sensor Limitation3

Figure 10: Effect of Detection Type on AIR Sensor behavior.

AIR Detection Type:

Center: Measures Distance to 
Center of Object
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(𝑥𝑐 , 𝑦𝑐)

Evaluation Framework: Ground Truth Generator Truncation Limitation3

Figure 11: Algorithm for computing truncation. Figure 12: 2D Truncation Representation
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Evaluation Framework: Ground Truth Generator Occlusion Limitation3

Figure 13: Algorithm for computing occlusion.

Figure 14: Rays from camera center hitting objects.
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(𝑥𝑐 , 𝑦𝑐)

Object Detection Evaluation Metrics4

Figure 15: Precision & Recall Metrics.

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝐴𝑐 =
𝑇𝑃+𝑇𝑁

𝑇𝑃+𝑇𝑁+𝐹𝑁+𝐹𝑃

TN = 0 → Object Detection
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(𝑥𝑐 , 𝑦𝑐)

Object Detection Evaluation Metrics4

Figure 16: AP at 11 Recall Points.
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(𝑥𝑐 , 𝑦𝑐)

Object Detection Evaluation Metrics: Difficulty Categorization4

Figure 17: Algorithm for assigning difficulty to ground truth object.
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𝜎 = 𝛿𝑧 𝛿𝑥𝑐 𝛿𝑦𝑐 𝛿ℎ 𝛿𝑤 𝛿𝑙 sin ∝ cos ∝

(𝑥𝑐 , 𝑦𝑐)

Robustness Assessment Framework5

Figure 18: Robustness assessment requires ref dataset, mod dataset and an uncertainty metric.
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Robustness Assessment Framework: Aleatoric Uncertainties (HW Faults)5

Figure 19: Row Address Fault Injection. Figure 20: Random Noise Fault Injection. Figure 21: Color Fault Injection.

Figure 22: Reference Image
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Robustness Assessment Framework: Parametric Uncertainties5

Figure 23: Fog Parametric Uncertainty. Figure 24: Illumination Parametric Uncertainty. 

Figure 26: Reference Image

Figure 25: Illumination Parametric Uncertainty  
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𝑼𝒏𝒄𝒆𝒓𝒕𝒂𝒊𝒏𝒕𝒚 µ = 𝟏 − 𝐀𝐒𝐒

Robustness Assessment Framework: Measuring Uncertainty5

Our robustness framework refers to “A Comprehensive 
Evaluation Framework for Deep Model Robustness” (Jun 
Guoa, 2022) and uses it as guide in measuring image 
uncertainty.

𝑆𝑆𝐼𝑀 𝑥, 𝑦 =
2𝜇𝑥𝜇𝑦 + 𝑐1 2𝜎𝑥𝑦 + 𝑐2

𝜇𝑥
2 + 𝜇𝑦

2 + 𝑐1

𝑤ℎ𝑒𝑟𝑒 𝜇𝑥 𝑎𝑛𝑑 𝜇𝑦: 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑖𝑛𝑝𝑢𝑡 𝑖𝑚𝑎𝑔𝑒𝑠 𝑥 𝑎𝑛𝑑 𝑦

𝜎𝑥 𝑎𝑛𝑑 𝜎𝑦: 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑠 𝑜𝑓 𝑖𝑛𝑝𝑢𝑡 𝑖𝑚𝑎𝑔𝑒𝑠 𝑥 𝑎𝑛𝑑 𝑦

𝜎𝑥𝑦: 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑜𝑓 𝑖𝑛𝑝𝑢𝑡 𝑖𝑚𝑎𝑔𝑒𝑠 𝑥 𝑎𝑛𝑑 𝑦

𝑐1 𝑎𝑛𝑑 𝑐2: 𝑎𝑟𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠

Thus, Average Structural Similarity (ASS) can be defined as the 

average of SSIM for the complete dataset.

𝐴𝑆𝑆 =
1

𝑚
෍

𝑖 =1

𝑚

𝑆𝑆𝐼𝑀(𝑥𝑎𝑑𝑣
𝑖 , 𝑥(𝑖))
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YOLOv3 Robustness Assessment against Fog5

Figure 27: Performance Degradation as uncertainty increases.

60 m

10 m
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VRU Robustness Assessment5

Figure 28: Comparison of performance against different VRUs.
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𝑍 = 𝜎𝑧 ∗ 𝛿𝑧 + 𝜇𝑧 (3)

𝑋
𝑌
𝑍

= 𝐾−1
𝑍 ∗ (𝑥𝑐+𝛿𝑥𝑐)

𝑍 ∗ (𝑦𝑐 + 𝛿𝑦𝑐)

𝑍

(2)

ℎ
𝑤
𝑙

=

തℎ ∗ 𝑒𝛿ℎ

ഥ𝑤 ∗ 𝑒𝛿𝑤
ҧ𝑙 ∗ 𝑒𝛿𝑙

(4)

𝜎 = 𝛿𝑧 𝛿𝑥𝑐 𝛿𝑦𝑐 𝛿ℎ 𝛿𝑤 𝛿𝑙 sin ∝ cos ∝

(𝑥𝑐 , 𝑦𝑐)

Figure 29: SMOKE Architecture.

Figure 30: To go from 3D center to 3D Bounding Box  the shown equations are used.

SMOKE 3D Detection6

Eq. (3):
• Z = Object Depth [m]
• 𝜇𝑧 = Dataset Depth Distribution Mean
• 𝜎𝑧 = Dataset Depth Distribution 𝑆𝑇𝐷
• 𝛿𝑧 = Depth offset [Unitless] (Predicted by SMOKE)
Eq. (2):
• (X,Y,Z) = 3D World Pose [m]
• K = Camera Matrix
• (𝑥𝑐 , 𝑦𝑐) =  Image Plane Coordinate of Object 3D Center
Eq. (4):
• (h,w,l) = Predicted Object Dimensions [m]
• (തℎ, , ഥ𝑤, ҧ𝑙) = Mean Object Dimensions
• (𝛿ℎ, 𝛿𝑤, 𝛿𝑙) = Predicted Dimension Deviation From Mean
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Figure 31: Camera Matrix Validation Experiment.

Camera Intrinsic Matrix in Prescan6

The Camera Matrix to be estimated is the 

following:

𝐾 =
𝑓𝑥 𝟎 𝑐𝑥
0 𝑓𝑦 𝑐𝑦
0 0 1

Where f is focal length in pixels and c 

optical center in pixels:

𝑓𝑥 𝑝𝑖𝑥𝑒𝑙𝑠 =
𝑖𝑚𝑔 𝑤𝑖𝑑𝑡ℎ 𝑝𝑖𝑥𝑒𝑙𝑠 ∗ 𝑓𝑥[𝑚𝑚]

𝐶𝐶𝐷 𝑊𝑖𝑑𝑡ℎ [𝑚𝑚]

𝑓𝑦 𝑝𝑖𝑥𝑒𝑙𝑠 =
𝑖𝑚𝑔 ℎ𝑒𝑖𝑔ℎ𝑡 𝑝𝑖𝑥𝑒𝑙𝑠 ∗ 𝑓𝑦[𝑚𝑚]

𝐶𝐶𝐷 𝐻𝑒𝑖𝑔ℎ𝑡 [𝑚𝑚]
By setting the optical plane misalignment 

to 0 in x and y in Prescan:

𝑐𝑥 =
𝑖𝑚𝑔 𝑤𝑖𝑑𝑡ℎ [𝑝𝑖𝑥𝑒𝑙𝑠]

2

𝑐𝑦 =
𝑖𝑚𝑔 ℎ𝑒𝑖𝑔ℎ𝑡 [𝑝𝑖𝑥𝑒𝑙𝑠]

2
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Figure 32: SMOKE Depth Evaluation on Prescan Dataset.
Figure 33: SMOKE Depth Evaluation on KITTI Dataset.

𝑍 = 𝜎𝑧 ∗ 𝛿𝑧 + 𝜇𝑧 (3)

• Z = Object Depth [m]
• 𝜇𝑧 = Dataset Depth Distribution Mean
• 𝜎𝑧 = Dataset Depth Distribution
• 𝛿𝑧 = Depth offset [Unitless] (Predicted by SMOKE)

SMOKE Depth Evaluation6
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𝜎 = 𝛿𝑧 𝛿𝑥𝑐 𝛿𝑦𝑐 𝛿ℎ 𝛿𝑤 𝛿𝑙 sin ∝ cos ∝

(𝑥𝑐 , 𝑦𝑐)

Figure 34: Our Approach To Stereo Vision.

Stereo Vision6
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𝜎 = 𝛿𝑧 𝛿𝑥𝑐 𝛿𝑦𝑐 𝛿ℎ 𝛿𝑤 𝛿𝑙 sin ∝ cos ∝

(𝑥𝑐 , 𝑦𝑐)

Figure 35: Unrectified Stereo Setup Figure 36: Rectified

Stereo Rectification6

The process of image rectification involves computing two homographies that can be 

applied to a pair of images to make them parallel. 

A homography can be seen as a matrix or mask representing a transformation to be 

applied to the image.
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𝜎 = 𝛿𝑧 𝛿𝑥𝑐 𝛿𝑦𝑐 𝛿ℎ 𝛿𝑤 𝛿𝑙 sin ∝ cos ∝

Figure 37: Stereo Matching

Stereo Matching6
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𝜎 = 𝛿𝑧 𝛿𝑥𝑐 𝛿𝑦𝑐 𝛿ℎ 𝛿𝑤 𝛿𝑙 sin ∝ cos ∝

DSGN++ is an open source stereo based method which is 

currently state-of-the-art for 3D Detection.

3D Detection State-Of-The Art6

https://github.com/chenyilun95/DSGN2
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Thank you for your attention!


