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Development of 1-chip CNN real-time processor for semantic segmentation,
distance estimation, and motion estimation

Miyama, Masayuki
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We devised a convolutional neural network (CNN) that simultaneously
estimates the contour of an object and the distance (parallax) in order to recognize the surrounding
environment from an image, and implemented it on an FPGA (Field Programmable Gate Array). Contour

detection is transformed to a regression problem that estimates the distance from the object
boundary instead of the conventional binary classification of contour and non-contour, enabling
multitask learning with parallax estimation. Then, we devised a CNN with full weight sharing that
performs two estimations at the same time. This was quantized to 3 bits, but the decrease in
accuracy was slight. As a result of FPGA implementation, it operates at 250 MHz and has a throughput
of 134 fps for an image of 480 x 320 pixels.
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No. Name Input Output No. | Name Input Output
channels | channels channels channels
N1 Enccbro 6 64 30 Dec_up0 lor2 lor2
2 2 Enc_downl 64 64 29 Predict 256 lor2
3  Enccbrl 64 64 28 Dec_upl 256 256
"Dec* 4 Enccbrll 64 128 27 Deccbr21 384 256
Cbr- 3)( 3 5 Enc_down2 128 128 26 Dec_cat2 256/(Dec_cbr2),128(Enc_down2)
6  Enc_cbr2 128 128 25 Dec_cbr2 256 256
ReLU 7 Enccbr2 1 126 256 24 Dec_up2 256 256
“down" 8  Enc_.down3 256 256 23 Deccbr3l 512 256
9 Enccbr3 25 256 22 Dec_cat3 256(Dec_cbr3),256(Enc_down3)
10 Enc_cbr3_1 256 256 21 Dec_cbr3 256 256
11 Enc_downd4 256 256 20 Dec_up3 256 256
12 Enc_cbrd 256 256 19 Dec_cbrd 1 768 256
13 Enc_cbrd_1 256 512 18 Dec_cat4 512(Dec_cbrd).256(Enc_downd)
14 Enc_down5 512 512 17 Dec_cbr4 512 512
15 Enc_cbrS 512 512 16 Dec_upd 512 512
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FN | CN | CN3 | DC | DC3
FT | 0.764 0.849 0.827 | 0.833 0.813
DR | 0641 0.757 0.654 | 0.739 0.652
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