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Motivation & Goal

/(
Long-term Goa_l_ P
« Autonomous miniature drone =<
(<10 cm or even < 2cm) A,'f

On-going Research

» Energy-efficient query driven dynamic vision sensor (qDVS)
« <1cm3by millimeter-scale sensing system platform

* Neuromorphic motion tracking

* No noticeable loading on drone (size, weight, and energy)
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Dynamic Vision Sensor (DVS)

ACTIVE PIXEL EVENT DRIVEN DYNAMIC QUERY DRIVEN DYNAMIC
SENSOR (APS) VISION SENSOR (eDVS) VISION SENSOR (gDVS)

TT (Xo0,Yo) . (x2,y2)
N LI S v e

= th 77— 6 t e e

ATaps AT.ous AT pys FIXED
FIXED VARIABLE (AT, pvs << ATaps)

[Kubendran, CICC, 2021]
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Dynamic Neural Fields (DNF)

Temporal DVS Events

&
e
T

Interaction T |

Kernel % Normalization
Q Activation

’@ "‘"trﬂ

ﬁﬁrssgﬁgh PITT Circuit Design Lab

[Li, TVLSI, 2024]



Challenges (1/3)

‘ 512X 512 -
Kernel % Normalization 256X 256
Q Activation
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Temporal DVS Events .
256 X 256 Interaction |

256 X256

» Total data size: 349 kB
« Memory block area: 0.55mm? (28nm)
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Challenges (2/3)

Temporal DVS Events
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‘ 512X 512 -
Kernel % Normalization 256 X 256
Q Activation
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4billion MAC operations
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Challenges (3/3)

Interaction
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A
Kernel % Normalization | Max(Interaction)
Q Activation

Temporal DVS Events T

Interaction T

 Interaction: convolution result normalized to [-1, 1]
 Find maximum of the convolution result as divisor

» Wait until convolution completes
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Proposed Techniques (1/3)
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Proposed Techniques (2/3)
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Proposed Techniques (3/3)

Irregular Object

Same Centroid _
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Rectangular Object
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Implementation (1/3)
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Implementation (2/3)

8kBx10 Single Port SRAM Block

DNF Accelerator& 10 Interface

8kBx5 Dual Port SRAM Block
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Implementation (3/3) i mvisi, 2029)
TCAS-II | TCAS-II | AICAS This
\ 2023 [18] | 2023 [19] | 2020 [11] Work
Supply |
Voltane (V) 1.1 089-12 | 05-1.25 I
Approach DNN DVS+SNN | DVS+DNF | DVS+DNF
Area (mm?) 23 107.2 60 0.53
Throughput 69.8 100 2000 211.1
(fps)
Power (mW) 71.2 208.1 N/A 1.68
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Future Works

Clear Epoxy

Black
Epoxy
\/‘ DNF Processor
Battery & Processor & Memory
C_ontrol Power Management
Signals

[Li, ESSCIRC "21]
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