Application of Neural Network Accelerator

for Coffee Beans Detection
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1. B iP®E (sensor)
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Method

]2 Operating flow
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Number Sensor Target gas
1 TGS-2600 Methane, Carbon monoxide, Hydrogen, Iso-butane
2 TGS-2602 Hydrogen, Ammonia, Ethanol, Toluene
3 TGS-2603 H2S, Hydrogen, Trimethyl amine, Methyl mercaptan
4 TGS-2610 COO Ethanol, Hydrogen, Methane, Iso-butane/Propane
5 TGS-2611 COO Ethanol, Methane, Iso-butane
6 TGS-2620 Methane, CO, Iso-butan, Ethanol
7 TGS-2612 Ethanol, Methane, Iso-Butane/Propane
8 FIS-SB5100 Hydrogen sulfide, Carbon monoxide, Hydrogen, Ethanol
9 FIS-SB 5300 Hydrogen, Carbon monoxide, Isobutene, Ethylene, Ethanol, Ammonia
10 FIS-SB-AQ1-06 Methane, Iso-butane, Hydrogen, Ethanol, CO
11 FIS-SB-30-04 Iso-butane, Hydrogen, Ethanol
12 FIS-SP3S-AQ2-01 Methane, Iso-butane, Hydrogen, Ethanol, CO
13 FIS-SPS.3B00 Hydrogen, Carbon momoxide, Iso-butane, Ammonia,
Methane, Ethanol
14 FIS-SP3-6100 Ozone, Iso-butane, Hydrogen, CO, NO/NO2, Ethyl alcohol

(Reference: Tang, Chang-Lin. (2022). Development of a Non-Destructive Moldy Coffee
Beans Detection System Based on Electronic Nose. National Tsing Hua University, Hsinchu,
Taiwan. pp.28 )
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2. FH A2 (data processing)
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3. # &3 #3 (Neuron Network)
3.1 %4 (architecture )
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Convolution layer
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%2 CNN #3] & & Jfﬁ
Layer Input size Output size Weight size Stride
CONV 1 Ix14x1 5x11x1 Weight: 5x I x 4x 1 1
- Bias: 5x 1
CONV 2 5x11x1 3x8x1 Weight: 3x 5x 4x 1 |
— Bias:3x 1
CONV 3 3x8x1 1x5x1 Weight: 1 x 3x 4x 1 |
- Bias: 1 x 1
Weight: 4 x 5x 1
FC 4 5x1 4x1 Bias: 4 x 1
Weight: 3x4x 1
FC 5 4x1 3x1 Bias: 3 x 1
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3.3 Stationary
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Results
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. Average time .
Power consumption Correction
(per data)

Original work 1.479W 1.742ms 95.39%

Unroll Loop-2 1.577TW 1.744ms 95.39%

Unroll Loop-4 1.559W 1.699ms 95.39%

Unroll Loop-2&4 1.652W 1.688ms 95.39%

Our work 1.758W 1.685ms 95.39%

3.4 75 3L kb
clocks signals logic BRAM DSP PS7
Original work 2% 2% 1% 1% 1% 93%
Unroll Loop-2 2% 3% 3% 1% 3% 87%
Unroll Loop-4 2% 3% 2% 1% 3% 88%
Unroll Loop-2&4 2% 4% 3% 1% 6% 83%
Our work 3% 10% 8% 1% <1% 77%
2. FPGA *cig
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