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Application of OpenPose and deep
learning for intelligent surveillance
reconnaissance system*

kkokok

Kyujung Choi~ * Suyeong Oh™ - Chaebong Sohn

< Abstract>

In this study, defense surveillance reconnaissance systems were implemented through deep learning
networks such as OpenPose and deep neural networks (DNN), convolutional neural networks (CNN), and long
short-term memory (LSTM). This study proposes a target recognition method which differs from the existing
surveillance reconnaissance systems. This method consists in distinguishing between ordinary people and
targets by classifying motions in the images being filmed. Thus, the skeleton data of the target in the image
are extracted using OpenPose. Then, keypoints included in the extracted skeleton data are entered into DNN,
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CNN, and LSTM to classify the motion. The classified motions are selected as motions learned in the military,
such as overall security. When the system classifies motions and recognizes targets, it identifies them on the
map and tracks them. The tracking algorithm calculates the movement direction of the target by calculating the
change in the values of keypoints extracted through OpenPose by frames. Finally, it uses the depth information
obtained from the camera to display targets on the map based on the camera location. All these computations
are based on the use of the skeleton data rather than the entire image, thus reducing the overall computation.

Keywords : OpenPose, keypoints, deep neural networks, convolutional neural networks, long short-term
memory
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<Figure 1> Comparison of the current system (left side) with our suggested system
(right side) in monitoring system
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<Figure 2> System flowchart
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<Figure 3> OpenPose Networks architecture and process of extracting skeleton data

(source: https://www.geeksforgeeks.org/openpose—human-pose-estimation-method/)
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<Figure 4> Output of OpenPose by motions

Figure 42} Z°] OpenPose
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3.2.1 DNN (Deep Neural Networks)
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<Table 1> Keypoints values of 59 frame of fence motion
# keypoints keypoints_x keypoints_y
0 234.148 119.324
1 234.086 138.869
2 215.855 141.413
23
24
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<Figure 5> Keypoints number extracted
through OpenPose
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<Figure 6> DNN(Deep Neural Networks) architecture of motion classification
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3.2.2 CNN (Convolutional Neural Networks)
AFES] BT A2 A%AQ AIAD Hlo]EE CNNE &3l w7st7] 918l & ATolA= F 7
9] stream= A3 tHSimonyan & Zisserman, 2014). 2} stream?}th F7H21Q1 @ A9 A 1A ¢l
= Edsta ok FHAQ 94 EFeh streamoll A= G Wl objectell Tt o]m A A
Y AE A =, A7l @ A47F 3 stream© A= object
el st Xgﬂg— Efé}f?} I uﬂﬂoﬂ optical flows &% dlo]E7} 4 =A Ak
Figure 7 2 = dlo]EE L2& 139 softmax
o] #S feature® ’\}%3}04 SVM% Q%*lﬁ Eﬁ% E53tHKarpathy et al., 2014). CNN<
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)
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optical flow
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<Figure 7> The architecture of two stream CNN

3.2.3 LSTM (Long Short—Term Memory)
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3.2.3.1 LRCN (Long Recurrent Convolution Networks)

LRCNeA = 15490 28-S AlS242 CNNS Fall 7} Ze 99 features FE31L o5
LSTMS] Sjgdlolel 2 AFHg-8tA] ¥ th(Donahue et al,, 2015). The] 17 82 & Aol FdH
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<Figure 8> The architecture of LRCN (Long Recurrent Convolution Networks)

3.2.3.2 ConvLSTM
ConvLSTM(Simonyan & Zisserman, 2014)¢] &2 LRCN¥} & W2 © 2 convolution®] W
25 F7FskA et vlE LSTM Wi 2] ZFAlof] convolution GAHS thdsls= Zolt} & 2 =
o B2 AAL dolE o] W2k (context) s A4S 4 U= FC-LSTM(Fully-Connected Long
Short-Term Memory) E&& 7|Rte 2 A5 AP om (1)L 7|vke] ¥ FC-LSTM W+

A& BT Qlrh AoA celld] Y, £9, state’} 5 144 WEE oJv|di.
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<Figure 9> The architecture of ConvLSTM
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3.3 F4 LazlE
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<Figure 10> Process of computing © focused on CCTV
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4.2.1 OpenPose
ok MAE Aoz A3 dataset= OpenPosed] Y& 3}o] skeleton H©E1 9} keypoints2]
2] 7S A8 Figure 112 OpenPoseE E3l &8 % keypoints®} ©]E A4S skeleton H
olEfolr] & H keypoints & AT 119 x, v 270 FE ko] 71SHHTable 2).

<Table 2> Keypoints values (number 1) of security motion by frame (coordinate value)

pose_x1 pose_yl class frame
589.098 201.483 security 1
581.342 198.863 security 2
576.069 194.993 security 3
578.65 192.409 security 4
577.3% 192.332 security 5
563.039 189.736 security 6
629.513 192.366 security 180

<Figure 11> Skeleton data for security motion through OpenPose
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a5 = TP+ TN
T TP+ FN+ FP+ TN

True Positive (TP) : A A Truel AE S Truedt (A H)
FualsePositive (FP) : A A Falsel AHES Truettil o= (2%
Falsenegative (FN) : A A True?) A H S Falsed} il o 5 (%)
Truenegative (TN) : A A False AT < = =

(o3

Table 32 A48 2 EFof 3t %

=9 % keypointsE E3l RS B53}h

Pﬂ'
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715315t} 2 AF-o A A|FsH= OpenPoseol A
= A8} 7)Ee olu|A 5 FEslo] S BREHE
HE st A s vwsigion 4 S AFE3SITE DNN, CNN,
ConvL.STM, LRCNS A&-8te] BAS FF/sta JETE nlwsiqleh. M2 o= oju|x| = 5
3t 47t keypoints = 853 AR Yt e AL 231 5 Qi o] vt &
gd 9FO R 2D keypoints] ¢ ZEo] Aol =] = T
AUtk MEYTE B4 2/ Y= b5 2rhFigure 12-14).
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<Table 3> Accuracy of motion classification with image and keypoints (%)

Network img keypoints
DNN 474 9.5
CNN 63.5 82.3

ConvLSTM 71.1 82.5
LRCN 752 87.1

4.2.3 34 9 AEFA]

Table 4+ 640x4802] ©lol8] 18 159 A o]u]A| o)A target] z]o] aidsh= A4 oju]A|
9] depth & 715383t} depth 2] T moly H3b A depth #S Z-2-3k3it) i)
keypoints®] F3xgke] (3757, 179.1)o]2k4, 3ll'd keypoints®] depth #k (375~ 377,178~ 180)]
gk 6.46m=E A 4= gl
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<Figure 12> Accuracy of weapons motion by network
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<Figure 13> Accuracy of security motion by network
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<Figure 14> Accuracy of fence motion by network
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<Fgure 15> Depth image of fence motion through IntelRealSenseD435

<Table 4> Depth value of target's head (m)

Keypoints related to target's head (width: 9, length: 6)
371 372 373 374 375 376 377 378 379

177 0 6.992 6.852 6.718 6.464 6.229 6.011 5807 5616
178 7.213 7.137 6.921 6.784 6.583 6.344 6.118 5907 571

179 7.289 7.213 7.064 6.921 6.652 6.464 6.229 6.011 5807
180 7.368 7.213 7.137 6.992 6.784 6.588 6.344 6.118 5958
181 7448 7.289 7.289 7.064 6.852 6.588 6.404 6.173 5958
182 7.613 7.368 7.368 7.137 6.992 6.718 6.526 6.286 6.118

FHFA 0w o)} Zo] FE3 depth #t¥ ALt ©F &3l Figure 169 22 A4E 45 5 3l
ST} Targete] Figure 162] 9% 133} o] o] 58S ] Table 3% 72°] depth®} 67} 7l4t= 1L
Fheel A& FHOE 3] target ol 5= F4 8t HEE YEFHATHright aspect in Figure 16).
WA S target®] olFAEE A HE FhdekE ow|gith
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<Figure 16> Tracking result after system recognizes target

<Table 5> Depth and © values of movement of target

depth(m) o(°)
Frame 1 7.27 4.34
Frame 2 6.81 18.23
Frame 3 6.36 24.58
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A5 7HX] AFZ A28 L2293}
OpenPose?} Deep Learning
7|e A3t A4

él_'ﬂ_x;l Kok /\og*** . vé_}-(ﬂ_]g_xx%“

B Ao M= ik 7HA] A= A AES OpenPose?l DNN(Deep Neural Networks), CNN(Convolutional
Neural Networks), LSTM(Long Short-Term Memory) ¥ 22 Q&4 WEYIAE Fa& 73t 2 A+
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