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ABSTRACT 

In urban areas, technological advancements have led to an 

increased focus on height as a critical human characteristic for 

surveillance purposes. Face recognition often encounters 

challenges due to occlusion and masks, necessitating the use of 

height, build, and torso. Accurately estimating human height in 

surveillance scenarios is complex due to camera calibration, 

posture variations, and movement patterns. This research 

introduces a novel human height estimation method for 

surveillance systems, along with a dedicated dataset. The process 

begins with camera calibration to rectify lens distortions. A deep 

learning-based YOLOv7-Occlusion Aware (YOLOv7- OA) target 

detection technique is employed to precisely locate individuals 

within the frame. The study assesses the impact of camera height 

and deflection angle on height estimation across different areas of 

the field of vision (FOV). The proposed method yields a mean 

absolute error of 0.02 cm to 0.8 cm across various FOV zones, 

surpassing the previous 1.39 cm benchmark findings. 
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1 Human height estimation using AI-assisted 

Computer Vision 

The increasing number of missing children has led to a 

significant increase in the use of CCTV systems. Computer vision 

algorithms and deep learning methodologies have made it an 

indispensable tool in person retrieval, enabling efficient 

identification and retrieval of individuals. Height, a non-intrusive 

characteristic, can be passively acquired and used for  

 

 

 
Figure 1: Two-dimensional view of the target distance and 

height estimation environment depicted following the Right-

handed coordinate system that represents various coordinate 

frames. 

 
Figure 2: The 'Height-Sense' surveillance dataset, gathered 

from various publicly accessible locations, across various age 

groups, genders, camera heights, object distances, and ground 

levels. 

identification in situations where facial recognition may not be 

successful.  

However, estimating human height from surveillance footage 

can be challenging due to camera position, angle, and illumination 

conditions. This research introduces a novel human height 

estimation method for surveillance systems based on a 

mathematical model combined with a monocular surveillance 

camera. Please refer to the final published version at 

https://doi.org/10.1016/j.measurement.2024.115133 

1.1 Contribution 

https://doi.org/10.1016/j.measurement.2024.115133
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1. A novel human height estimation method based on a 

mathematical model combined with a monocular surveillance 

camera is proposed, which eliminates the need for depth 

information. The proposed method is depicted in Figure 1. 

 
Figure 3: Illustration of the proposed YOLOv7-OA 

architecture. 

 

Figure 4: The scene environment generated with IP video 

design tool and Zhang’s calibration method. 

 
Figure 5: Influence of camera height and tilt angle on human 

height estimation. 

2. A human height surveillance dataset containing camera 

characteristics such as tilt angle, camera height, and ground 

truth height of the subjects required for height estimate that 

matches the complexity of the real-world environment is 

introduced. This is the first dataset to include a wide range of 

collections of surveillance video with height information, 

covering both children and adults. The proposed dataset is 

depicted in Figure 2. 

3. Recognizing the importance of occlusion management, the 

YOLOv7- Occlusion Aware is developed as an upgraded 

version of YOLOv7 designed specifically to address 

occlusion difficulties. To assist the model in focusing on 

relevant regions and contextual information, a hybrid 

attention mechanism (HAM) is introduced into the feature 

extraction section of the original YOLOv7. It is shown in 

Figure 3. 

4. A detailed experimental examination of various height 

estimate relevant parameters such as camera height, tilt 

angle, horizontal and vertical fields, age, and gender is 

performed. Influence of camera height and tilt angle on 

human height estimation is depicted in Figure 4. 

5. To ensure target detection across the full FOV, CCTV’s FOV 

is separated into five zones termed Monitoring (M), 

Detection (D), Observation (O), and Recognition (R), 

Identification (I). Zhang’s calibration is used to remove any 

distortion in the video frames so that YOLOv7-OA can 

recognize and localize pedestrians in complex backgrounds. 

The scene environment generated with IP video design tool 

is given in Figure 5. 

6. A comparison of several human height estimation 

methodologies and YOLO-based pedestrian detection 

algorithms is provided, including YOLOv5, YOLOv6, 
YOLOv7, and YOLOv8 and shown in Figure 6. 

2 Future Works 

The proposed system achieved a mean absolute error (MAE) 

of 0.02 cm to 0.8 cm across various zones, significantly 

improving upon the previous benchmark of 1.39 cm. A sample 

frame is depicted in Figure 7. Future work should incorporate 

posture recognition techniques into height estimation, adjusting 

algorithms based on upper body measurements and 

anthropometric ratios. This approach considers human proportions 

and compensates for seated positions, while also considering 

surrounding environment cues. 

Figure 6: Detection of ‘Person’ class by YOLOv5, v6, v7 & v8. 

 
Figure 7: The height estimation results obtained inn various 

zones of the FOV. Row 1 represents Zone 1, and the 

corresponding rows represent Zone 3, 2 and 1. 
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