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Dyson's $1,200 robotic vacuum is
S LAM expensive, but also the best

K2 K& K=

»Simultaneous Localization and Mapping  »Visual SLAM (vSLAM)

»Estimate the pose of a robot and the map of  « computer Vision

the environment at the same time , this ,
means: * Sensor is camera

« Map the location, creating a 3D virtual * One of the most challenging open problems
map

* Locate itself inside the map
* In sum, it is a hot topic.



Key Applications of Visual SLAM

@ Low-cost robotics (e.g. a mobile robot with a cheap camera)
@ Agile robotics (e.g. drones)

@ Smartphones

@ Wearables

@ AR/VR: inside-out tracking, gaming



The Need for Efficiency in Advanced Real-Time Vision
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TITAN v GTX 870M
4998 GFLOPS [ 2827 GFLOPS
<400 W <100 W

r

I‘ ODROID | Arndale
404 GFLOPS 170 GFLOPS 87 GFLOPS
<20W <10W <5W

@ We need 1000x power efficiency for truly capable

always-on tiny devices; or to do much more with larger
devices.

Trends

e Sensors, algorithms and processors
together

* ASIC
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Framework (SoC)
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Details of Architecture

e FAST feature detection
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Details of Architecture

* Pixel Cache Design

1
1:

Figure 8: The example of Several Window Fusion modules

with horizontal data splicing,.

Figure 7: The Window Fusion module example.

Figure 9: The example of two Window Fusion modules with
vertical data splicing.



KG Architecture

 KG (Key-point Generation) module design
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DG Architecture

* DG (Descriptor Generation) module design
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Experimental Results

TABLE I: Result comparisons between FAST-BRIEF and HcveAcc.

TABLE II: The comparison of performance and power results.

Frame

Image Throughput Speedu Power

Flatform Resol ngf on L‘;::;ZT} , (M Pfrfii };{an' (}p (W)

CPU [3] 640*480 32.5 9.5 154 47
ARM [3] 640*480 201.6 1.1 133.2 1.574
FPGA [4] 640*480 14.8 20.1 7.3 4.6
eSLAM [3] 640*480 0.1 33.8 4.3 1.936
HcveAcc 752*%480 2.3 146.5 N/A 0.181

Design Name FAST-BRIEF [3] HeveAcce
CMOS Tech. 65nm 28nm
Components Detector Descriptor Detector Descriptor
Quantization N/A 236bits | pagpyy | 20D
(N) (Y)
Number of PEs N/A 2 2
Area cost Comb I[}.I46.4 119239 2837.6 13345.6
, Seq 9066.3 421549 968.1 71754
(Sq um) ol 732913 343267
Freq.(GHz) N/A 1.0
Power(mW) 1131 50

» Power consumption much saved
» Area saved up to 66.8%
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(a)
Fig. 5: (a) The layout design of KG; (b) The layout design of DG.
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Experimental Results

Time

KG

RISC-W

DG

B Detectorims) W Descriptorims) M Total runtime{ms)

» KG, DG, and RISC-V core
» Top-k ranking problem 3
» The pipelined working mode gives the best results. )
» Total runtime results of casel, case2 and case3 are

5ms, 3.7ms and 2.3 ms respectively.

1

’ casel case? case3
Fig. 6: The runtime comparisons of casel, case2 and case3. The total
runtime colored with yellow includes the combined runtime of Detector(KG),
Descriptor(DG), and the RISC-V kemnel.
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Figure 12: Comparison results of different approaches for
KITTI EuRoC MH_03_medium.



Experimental Results

(b)

(d)

Fig. 8: The matching graphs with using different precision of angle calcula-

| tion.
(b)
Fig. 7: The comparison of feature detection with or without NMS module. TABLE III: The comparison of hardware utilization.
All of key-points are marked with green color.
_Angle Max 3 poat | Matchea | BT
Discretization Distance Rate

» NMS mode can help control the feature size 20 76 500 149 70.20%
» One-degree discretization 12 60 500 778 44.40%

» 3X of 12 degrees discretization 5 5 500 493 1.40%

1 4 500 498 0.40%




Experimental Results

ORB-SLAM accuracy

The EuRoC and TUM dataset

Absolute translation root-mean-square
error (RMSE) metric

The ground truth trajectory and the
estimated trajectory

Results of RMSE are acceptable and the
max error can be controlled within 1m

(4.9% worst)
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Fig. 9: (a) The original ORB-SLAM trajectory of EuRoC VI1_02_medium
(RMSE = 0.064, max = 0.113(m)) ; (b) The modified ORB-SLAM
trajectory of EuRoC V1_02_medium (RM SE = 0.069, max = 0.498(m))
; (¢) The original ORB-SLAM trajectory of TUM frl/room (RMSE =
0.090, maz = 0.162(m)) ; (d) The modified ORB-SLAM trajectory of TUM
frl/room (RMSE = 0.118, mazxz = 0.170(m)).
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