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Circle SSD FPGA  
Measurement of growing situation of agricultural crops on FPGA-mounted drone using Circle SSD 

     *1 
Takuma Yoshimura 
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In this paper, we report the optimization method for the case of introducing SSD which is one of the object detection models 
to the drones for the purpose of measuring the growth situation of agricultural crops as viewed from a bird's eye viewpoint. We 
have adopted a “Separable Convolution” and introduced “Circle SSD” which uses circular shape as a detection frame as an 
optimization method. As a result of the optimization, the F-measure 0.67 was realized with 14770 convolution params, and the 
object detection could be realized with limited calculation resources on the drone.
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Model Parameters Dataset Classes 
deeplab-VGG 3.3 107 COCO 80 
Inception V2 1.4 107 COCO 80 
MobileNet 6.8 106 COCO 80 

Ours 1.5 104 Pineapple 1 
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 2   CNN Circle SSD  

 Type inCh outCh K S W H params 

Extractor  11520 

Conv1 StandardConv+Relu 3 8 5 1 512 288 608 

Pool1 MaxPooling 8 8 2 2 512 288 0 

Conv2 SeparableConv+Relu 8 16 5 1 256 144 352 

Pool2 MaxPooling 16 16 2 2 256 144 0 

Conv3 SeparableConv+Relu 16 32 5 1 128 72 960 

Pool3 MaxPooling 32 32 2 2 128 72 0 

Conv4 SeparableConv+Relu 32 64 5 1 64 36 2944 

Conv5 DepthwiseConv+Relu 64 64 5 2 64 36 1664 

Conv6 DepthwiseConv+Relu 64 64 5 2 32 18 1664 

Conv7 DepthwiseConv+Relu 64 64 5 2 16 9 1664 

Conv8 DepthwiseConv+Relu 64 64 5 2 8 5 1664 

Coder  3250 

Loc4 PointwiseConv 64 6 1 1 64 36 390 

Conf4 PointwiseConv 64 4 1 1 64 36 260 

Loc5 PointwiseConv 64 6 1 1 32 18 390 

Conf5 PointwiseConv 64 4 1 1 32 18 260 

Loc6 PointwiseConv 64 6 1 1 16 9 390 

Conf6 PointwiseConv 64 4 1 1 16 9 260 

Loc7 PointwiseConv 64 6 1 1 8 5 390 

Conf7 PointwiseConv 64 4 1 1 8 5 260 

Loc8 PointwiseConv 64 6 1 1 4 3 390 

Conf8 PointwiseConv 64 4 1 1 4 3 260 
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