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技术报告
引言

智慧海洋技术的快速发展，正在对经济发展、社会进步产生重大而深远的影响。海洋环境智能感知技术在海洋信息前沿研究、海洋大数据分析处理、海洋信息智能分析等方面具有重要应用。海洋目标智能感知国际挑战赛以“逐梦海洋，感知智能，突破自我，创新未来”为主题，通过对海洋目标的智能感知测评，发现一批先进算法和技术，旨在推进国内外人工智能与智慧海洋技术领域研究热潮，搭建人工智能与智慧海洋的人才交流平台，加速智能技术在海洋领域的发展和应用创新，助力我国海洋强国建设。
1 模型和方法描述
1.1 模型和方法原理
1.1.1卷积神经网络
卷积神经网络是一种包含卷积计算的前馈神经网络，由不同的卷积层连接组成，卷积层的计算过程如图1所示。
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图 1 卷积层的计算过程
如图 1 所示，为卷积层的计算过程。在图 1 中，（6*6*3）为输入的特征图。其中（6*6）为特征图的尺寸，3 为特征图的通道数。（3*3*3）为权值矩阵（卷积核），其中（3*3）为权值的大小，3 为输入特征图的通道数。权值矩阵在图像里就像一个特定信息的过滤器，一个权值矩阵用来提取边缘信息，另一个可能用来提取特定的颜色。如图 1 中，有两个权值矩阵，对应输出特征图通道数为 2。权值与输入特征图进行卷积运算时，以滑动窗口的形式，从左至右，从上至下，3 个通道和对应位置相乘求和。然后加上偏置（图1 中 b1，b2），经过 Relu 激活函数，得到输出特征图（4*4*2），其中（4*4）为输出特征图大小，2 为输出特征图的通道数，输出特征图的通道数和权值矩阵的数量相同。
1.1.2SSD算法
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图2  SSD算法网络结构
SSD 算法的网络结构如图2所示。SSD 算法的

主干网络为 VGG16，并将 VGG16 网络的 FC6、FC7层改为 Conv6，Conv7 层，然后在后面加了 4 个卷积层，构成 SSD 算法框架。网络以 300*300 图片作为输入，整个网络结构有 6 个特征图，分别预测不同尺寸的物体，浅层特征图分辨率高、感受野小用来预测小物体目标，深层特征图则用来预测较大的物体目标。最后经过非极大值抑制过滤掉多余边界框并产生最终检测结果。
1.1.3 ResNet50网络模型

ResNet50包含49个卷积层和 1个全连接层。其 中， 第二至第五阶段的ID BLOCK×2表示两个大小不 变的残差，CONV BLOCK表示增加比例的残差， 每个残差该块包含三个卷积层，结构如图1所示。
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图3 ResNet50网络模型
1.2 在现有技术之上的创新之处

在训练时对图像进行数据增强，包括随机亮度变化、随机平移、随机旋转、水平翻转和垂直翻转、尺寸变化、随机裁剪等。对不同的模型进行训练。
2 实验结果
2.1评价指标
实验通过在测试集中分析模型改进前后的平均准确率（average precision,AP)和平均检测时间，对比模型的性能。用AP作为精度检测的指标，平均准确率为精确度关于召回率的函数曲线与坐标轴 0 到 1 范围围成的面积。AP值越高，检测性能越好；精确度 (Precision)和召回率(Recall)公式定义如下：
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其中TP为正样本中的正例，FP为负样本中的正例，FN 为负样本中的负例。 
AP的积分公式：
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其中 P(r)为精确度关于召回率的函数，r 为召回率。
mAP 的计算过程如公式所示，首先在测试集上求每一类目标的 AP 值再取平均。
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2.2实验数据与环境
实验使用竞赛方提供的数据集，按照9:1的比例将包含xml文件的训练集分为实际的训练集、验证集。

实验环境：python3.8，tensorflow2.0。用RTX 2080Ti 加速训练。
2.3实验结果及分析
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INFO: tensorflow:Eval metrics at step 100060
11124 08:19:49.100356 139931856008384 model lib_v2.py:939] Eval metrics at step 160000

INFO: tensor flow: + DetectionBoxes_Precision/mAP: 0.264268

11124 08:19:49.103758 139931850008384 model _lib_v2.py:942] + DetectionBoxes_Precision/mAP: 0.264268

INFO: tensor flow: + DetectionBoxes_Precision/mAP@.50I0U: 0.446577

11124 08:19:49.104565 139931850008384 model_lib_v2.py:942] + DetectionBoxes_Precision/mAP@.50I0U: 0.446577
INFO: tensor flow: + DetectionBoxes_Precision/mAP@.75I0U: 0.275462

11124 08:19:49.105209 139931850008384 model _lib_v2.py:942] + DetectionBoxes_Precision/mAP@.75I0U: 0.275462
INFO: tensor flow: + DetectionBoxes_Precision/mAP (small): ©.036238

11124 08:19:49.105781 139931850008384 model_lib_v2.py:942] + DetectionBoxes_Precision/mAP (small): 0.036238
INFO: tensor flow: + DetectionBoxes_Precision/mAP (medium): ©.069510

11124 08:19:49.106340 139931850008384 model _lib_v2.py:942] + DetectionBoxes_Precision/mAP (medium): 0.069516
INFO: tensor flow: + DetectionBoxes_Precision/mAP (large): ©.316003

11124 08:19:49.106900 139931850008384 model_lib_v2.py:942] + DetectionBoxes_Precision/mAP (large): ©.316003
INFO: tensor flow: + DetectionBoxes_Recall/AR@1: ©.390003

11124 08:19:49.107450 139931850008384 model_lib_v2.py:942] + DetectionBoxes_Recall/AR@l: 0.390003

INFO: tensor flow: + DetectionBoxes_Recall/AR@10: 0.522084

11124 08:19:49.108001 139931850008384 model _lib_v2.py:942] + DetectionBoxes_Recall/AR@10: 0.522084

INFO: tensor flow: + DetectionBoxes_Recall/AR@100: 0.558758

11124 08:19:49.108561 139931850008384 model _lib_v2.py:942] + DetectionBoxes_Recall/AR@100: 0.558758

INFO: tensor flow: + DetectionBoxes_Recall/AR@100 (small): ©.226524

11124 08:19:49.109138 139931850008384 model_lib_v2.py:942] + DetectionBoxes_Recall/AR@100 (small): ©.226524
INFO: tensor flow: + DetectionBoxes_Recall/AR@100 (medium): ©.348936

11124 08:19:49.109695 139931850008384 model _lib_v2.py:942] + DetectionBoxes_Recall/AR@100 (medium): 0.348936
INFO: tensor flow: + DetectionBoxes_Recall/AR@100 (large): ©.618678

11124 08:19:49.110309 139931850008384 model_lib_v2.py:942] + DetectionBoxes_Recall/AR@100 (large): ©.618678
INFO: tensor flow: + Loss/localization_loss: 0.252094

11124 08:19:49.110779 139931850008384 model_lib_v2.py:942] + Loss/localization_loss: 0.252094

INFO: tensor flow: + Loss/classification_loss: 0.404052

11124 08:19:49.111260 139931850008384 model_lib_v2.py:942] + Loss/classification_loss: 0.404052

INFO: tensor flow: + Loss/regularization_loss: 0.107882

11124 08:19:49.111735 139931850008384 model_lib_v2.py:942] + Loss/regularization_loss: 0.107882

INFO: tensor flow: + Loss/total_loss: 0.764029

11124 08:19:49.112206 139931850008384 model _lib_v2.py:942] + Loss/total_loss: 0.764029

INFO: tensor flow:Waiting for new checkpoint at models/my_ssd_resnet56_vi_fpn_1024
11124 08:22:32.337495 139931850008384 checkpoint_utils.py:125] Waiting for new checkpoint at models/my_ssd_resnet5e_v1





图3 SSD ResNet50 V1 FPN 1024*1024 (RetinaNet50)测试结果
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42]

0.504696

+ DetectionBoxes_Precision/mAP: 0.504696

0.734211

+ DetectionBoxes_Precision/mAP@.50I0U: 0.734211
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+ DetectionBoxes_Precision/mAP (small): ©.060271
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+ DetectionBoxes_Precision/maP (small): 0.060271

+ DetectionBoxes_Precision/mAP (medium): 0.220498
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+ DetectionBoxes_Precision/mAP (medium): 0.220498

+ DetectionBoxes_Precision/mAP (large): ©.582594
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42]
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+ DetectionBoxes_Precision/mAP (large): ©.582594
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图4 SSD ResNet50 V1 FPN 640*640 (RetinaNet50)测试结果
[image: image10.jpg]INFO: tensorflow:Eval metrics at step 50000

11127 13:24:14.554860 140143223379776 model_lib_v2.py:939] Eval metrics at step 50000

INFO: tensor flow: + DetectionBoxes_Preci
11127 13:24:14.558213 140143223379776 model_lib_v2.py:942]
INFO: tensorflow: + DetectionBoxes_Precision/mAP@.5010U:
11127 13:24:14.559010 140143223379776 model_lib_v2.py:942]
INFO: tensor flow: + DetectionBoxes_Precision/mAP@.75I0U:
11127 13:24:14.559617 140143223379776 model_lib_v2.py:942]
INFO: tensor flow:
11127 13:24:14.560185
INFO: tensor flow:
11127 13:24:14.560746
INFO: tensor flow:
11127 13:24:14.561300
INFO: tensor flow:
11127 13:24:14.561857
INFO: tensor flow:
11127 13:24:14.562406
INFO: tensor flow:
11127 13:24:14.562967
INFO: tensorflow:
11127 13:24:14.563516
INFO: tensor flow:
11127 13:24:14.564065
INFO: tensorflow:
11127 13:24:14.564648
INFO: tensor flow:
11127 13:24:14.565112
INFO: tensorflow:
11127 13:24:14.565591
INFO: tensor flow:

140143223379776 model_lib_v2.py:942]
140143223379776 model_Llib_v2.py:942]
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140143223379776 model_Llib_v2.py:942]

+ Loss/regularization_loss: 0.124461
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INFO: tensorflow: + Loss/total_loss: 0.771258
11127 13:24:14.566536 140143223379776 model_lib_v2.py:942
INFO: tensor flol

n/mAP: ©.335233

+ DetectionBoxes_Recall/AR@10: 0.592597

+ DetectionBoxes_Recall/AR@100: 0.629559

+ DetectionBoxes_Recall/AR@100 (large):

+ DetectionBoxes_Precision/mAP: 0.335233

©.559513

+ DetectionBoxes_Precision/mAP@.50I0U: 0.559513
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+ DetectionBoxes_Precision/mAP@.75I0U: 0.352296

+ DetectionBoxes_Precision/mAP (small): 0.055142

+ DetectionBoxes_Precision/mAP (small): .055142

+ DetectionBoxes_Precision/mAP (medium): 0.106493

+ DetectionBoxes_Precision/mAP (medium): 0.106493
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+ DetectionBoxes_Precision/mAP (large): 0.417523
+ DetectionBoxes_Recall/AR@l: 0.446024
+ DetectionBoxes_Recall/AR@10: 0.592597

+ DetectionBoxes_Recall/AR@100: ©.629559

+ DetectionBoxes_Recall/AR@100 (small): .277912

+ DetectionBoxes_Recall/AR@100 (small): 0.277912

+ DetectionBoxes_Recall/AR@100 (medium): 0.462824

+ DetectionBoxes_Recall/AR@100 (medium): 0.462824
0.689754

+ DetectionBoxes_Recall/AR@100 (large): 0.689754

+ Loss/localization_loss: 0.198035
+ Loss/classification_loss: 0.448762
+ Loss/regularization_loss: 0.124461

+ Loss/total_loss: 0.771258

Waiting for new checkpoint at models/my_ssd_resnet152_vi_fpn




图5 SSD ResNet50 V1 FPN 640*640 (RetinaNet152)测试结果
表1 mAP结果
	算法
	mAP(%)

	SSDResNet50V1FPN640x640(RetinaNet50)
	50.47%

	SSDResNet50V1FPN1024x1024(RetinaNet50)
	26.43%

	SSDResNet50V1FPN640x640(RetinaNet152)
	33.52%

	
	


由表1可知，SSDResNet50V1FPN640x640 (RetinaNet50)算法的mAP值为50.47%，和其他的 SSD算法相比精确度提高了15%以上。最终选取此模型训练结果。
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图3 SSDResNet50V1FPN640x640(RetinaNet50)loss曲线
如图所示，为SSDResNet50V1FPN640x640 (RetinaNet50)算法的loss曲线。bath_size设置为 8，初始化学习率为 0.04。
结论
本次比赛采用SSD ResNet 50 V1 FPN 640x640 (RetinaNet50)主干网络，对测试集测试结果的mAP达到50.47%。
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