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ABSTRACT 

One of the indicators that resemble rapid development of a country is the crime rate. 

Hence in this thesis, the forensic language focusing on property theft genre is 

investigated and explored. Forensic language can be categorised based on three 

properties namely forensic postures, frequency of movement and execution time. 

Thus, forensic language refers to the combination of any four forensic gait postures 

that will be performed sequentially or repeatedly in any order in front of residential 

unit. Firstly, a set of mathematical formulae is developed according to the consented 

forensic postures to verify the anthropometric traits of the postures. Four traits was 

discovered namely spine, pelvis, knee and ankle. Next, data collection of normal and 

anomalous behaviour is collected using Kinect sensor. Here, a camera is mounted on a 

specific location and height as CCTV at the residential unit gate in detecting 

anomalous behaviour based on the subjects’ behaviour. Normal behaviours are varied 

to activities associated at the gate and housebreaking crime is selected as anomalous 

behaviour at the gate. Next, the forty joints with 1400 joint features acquired from X- 

and Y-plane via Kinect are further extracted using Orthogonal Least Squares (OLS) 

yielded twenty four significant joints and 840 gait features. Further, Principal 

Component Analysis (PCA) is used as feature optimisation in selecting the most 

significant features from the 840 joint features and resulted in 114 significant joint 

features. In addition Artificial Neural Network (ANN) and Support Vector Machine 

(SVM) are used as classifiers. Results showed the specificity and sensitivity of SVM 

classifier is approximately within 50% for all tested kernels. As for ANN, four 

different setting of learning function are used. Contrary to SVM classifier, ANN 

classifier has achieved high specificity and sensitivity up to 98.21 and 97.88% in 

classifying normal and anomalous behaviour, respectively. At this stage a set of 

anthropometric traits of forensic postures is computationally generated by OLS, PCA 

and ANN viz. head, shoulder, spine, elbow, hip, hand, wrist, foot, ankle and knee. 

Convolution Neural Network (CNN) using deep learning algorithm is chosen in 

identifying frequency of movement and execution time of housebreaking crime. Here, 

19116 colour pixel-based images that comprised of both normal and anomalous 

behaviours acted as inputs to four samplings of CNN. The highest sensitivity achieved 

by Up-Down sampling is 98.21% with specificity of 97.37%. Few samplings are 

relatively good in offline test, however only Up Sampling produced the best accuracy 

in real-time test with recognition rate of 95%. Towards achieving better detection in 

real-time environment, colour pixel-based images were trained on five pre-trained 

CNNs using transfer learning algorithm. Remodelled ResNet-50 was demonstrated the 

highest performance with both specificity and sensitivity of 98.44% during 

classification. Remodelled Inception -v3 is the best network for both offline and real-

time mode tests with recognition rate up to 99% in determining the frequency and 

duration of normal and anomalous movement at the gate. Thus, the proposed forensic 

language of property theft was proven its authenticity and acquires high ability in 

detecting anomalous behaviour at the gate of residential unit. The proposed method of 

anomalous behaviour detection in this thesis could be further applied for detection of 

potential crime at various locations. 
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