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Abstract. The article presents the development and research of recognition of the 
interaction of the human hand with objects. The developed model receives frames from 
an RGB camera and is performed in three stages: (a) hand tracking, (b) object tracking, 
and (c) action recognition. The steering wheel is used as the object under study.
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Аннотация. Мақалада адам қолының заттармен әрекеттесуін тану мен 
зерттелуі берілген. Әзірленген модель RGB камерасынан кадрларды алады және 
үш кезеңде орындалады: (а) қолмен бақылау, (б) нысанды бақылау және (в) 
әрекетті тану. Зерттелетін объект ретінде руль қолданылады.

Түйін сөздер: нысанды тану, қолды қадағалау, әрекетті тану, үш өлшемді 
кеңістікте объектінің орналасуын бағалау, MediaPipe, R-CNN, Tensorflow  

Дәйексөз үшін: М.Д. Нұралин, Е.А. Дайнеко. Нақты уақытта автокөлік ру
лін басқару процессін тану // ХАЛЫҚАРАЛЫҚ АҚПАРАТТЫҚ-КОММУНИ
КАЦИЯЛЫҚ ТЕХНОЛОГИЯЛАР ЖУРНАЛЫ. 2022. Том. 3. Is. 1. Нөмірі 9. 8-13 
бет (орыс тілінде). DOI: 10.54309/IJICT.2022.9.1.001 

РАСПОЗНАВАНИЕ ВЗАИМОДЕЙСТВИЯ ОБЪЕКТОВ В РЕЖИМЕ 
РЕАЛЬНОГО ВРЕМЕНИ

М.Д. Нұралин *, Е.А. Дайнеко 

Дайнеко Евгения Александровна ― PhD, ассоциированный профессор Международного 
университета информационных технологий;
Нұралин Мәди Даулетжанұлы ― магистрант специальности ВТиПО, Международного 
университета информационных технологий.

© М.Д. Нұралин, Е.А. Дайнеко, 2022

Аннотация. В статье представлена разработка и исследование распознавания 
взаимодействия человеческой руки с объектами. Разработанная модель получает 
кадры от RGB камеры и выполняется в три этапа: (а) отслеживание руки, (б) 
трекинг объекта, и (с) распознавание действия (action recognition). В качестве 
исследуемого объекта используется рулевое колесо.

Ключевые слова: распознавание объектов, отслеживание рук, распознавание 
действия, 3D-оценка позы, MediaPipe, R-CNN, Tensorflow   

 Для цитирования: М.Д. Нұралин, Е.А. Дайнеко. Распознавание взаимодействия 
объектов в режиме реального времени // МЕЖДУНАРОДНЫЙ ЖУРНАЛ ИНФОР
МАЦИОННЫХ И КОММУНИКАЦИОННЫХ ТЕХНОЛОГИЙ. 2022. Том. 3. Is. 1. 
Номер 9. Стр. 8-13 (на русском языке). DOI: 10.54309/IJICT.2022.9.1.001.

Introduction
One of the main tasks of understanding video is reasoning human actions. There are 

many applications, including human-robot interaction, behavior analysis, games and 
entertainment. Recently, egocentric recognition, where the action is performed by the 
first person, has received increasing attention (Dima Damen et al., 2020).

In this article, we will consider the application of this problem in the context of 
driving a car, which is dominated by some difficulties, such as hand occlusion and 
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frequent lighting changes. Driver tracking helps to prevent cases leading to traffi  c acci-
dents (Craye et al., 2015). On the other hand, this research could be a push towards user 
interfaces where the driver controls vehicles with hand gestures (Boulos et al., 2011).

Several papers use object detection functions to improve egocentric recognition of 
object interactions (Antoine Miech et al., 2020; Xiaohan Wang et al., 2020; Chao-Yuan 
Wu et al., 2019; Fadime Sener et al., 2020). Other works include annotations (Yi Zhu, 
Xinyu Li et al., 2020) or spatiotemporal attention (Swathikiran Sudhakaran et al., 2019) 
to localize the interacting object to facilitate action recognition.

In this paper, we will show a model of hand and steering wheel recognition and 
tracking in a driving context.

Materials and methods
This section summarizes and explores the existing work on this topic. The review is 

considered in the context of assessing the position of hands and objects and recognizing 
interaction.

For hand tracking, we use the MediaPipe (1) hand landmark detection model. The 
determination of the object position in the frame occurs according to the Faster R-СNN 
architecture, the result of which is the bounding frame of the steering wheel (2). The 
next step is to recognize the steering wheel (3) according to the 3-Spoke Steering Wheel 
model (Figure 3). Then, the position of the hand relative to the location of the steering 
wheel (4) is calculated.

Hand tracking, according to MediaPipe stands from palm detector and landmark 
recognition. The fi gure 1 illustrates a detailed hand skeleton model with 21 key points 
(Zhang et al., 2020).

Figure 1 – «MediaPipe Hand landmarks»

The search for the presence of rudders, as already noted, comes from a 
hypothesis built on the basis of the Fast R-CNN architecture. 

Figure 2 – «The Fast R-CNN Architecture»
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For this model, a pre-prepared dataset of steering wheel images is supplied:
1. Extracting a feature map of an image: 𝑐𝑐 𝐻𝐻6

𝑊𝑊
6  

2. A 3×3 convolutional layer is applied (padding is equal to one - the fi nal 
matrix does not change in size). Apparently, this step is used by the authors 
to further increase the receptive fi eld. where - cell (i,j) of the feature map 
corresponds to a vector of dimension c. 

3. Generation based on the received map of signs of hypotheses (Region 
Proposal Network) - determination of approximate coordinates and the presence 
of an object of steering wheel class; 

4. Matching the coordinates of the hypotheses using RoI with the feature map 
obtained in the fi rst step; 

5. Classifi cation of hypotheses (already for the defi nition of a steering wheel 
class) and additional refi nement of coordinates (in fact, it may not be applied). 

Recognition of individual parts of the steering wheel occurs by fi nding the 
grip area, left/right/bottom joint and middle part. 

Figure 3 – «The 3-Scoped Steering Wheel Model»

At this stage, from the world coordinate system through a geometric homo-
graphy transformation, the steering wheel ellipse shape is projected into a circle. 

Results and discussion
The system consists of an RGB camera to capture video frames, 3-Scoped 

Steering Wheel (Figure 4). There were captured about ~200 times diff erent video 
frames from diff erent angles to test accuracy and performance of the system. 
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Figure 4 – «RGB images with the corresponding annotations of hand & steering wheel pose»
 
We benchmark the execution time of the developed method on an Nvidia 

GTX 1080 GPU. The execution time of our complete model, which displays 
both the skeleton of the hand and the location of the steering wheel, is on average 
25ms. 

As a result, the developed model works in real time on the GPU with a 
frequency of more than 45 frames per second. 

Each frame used a diff erent angle of the shot to demonstrate the accuracy of 
the model in edge cases, or when a hand or object overlaps each other. 

 
Conclusion 
This article presents a pipeline for recognizing the interaction of a hand and a 

steering wheel. The model receives synchronous frames from the video stream. 
First, the hand tracking module is launched on the palm landmark model. Then, 
according to the developed model, the position of the steering wheel is estimated. 
The proposed method is capable of detecting and locating the driver's hands in 
real time. 

There are rich opportunities for future work: for example, the analysis of 
driver behavior. Finally, this method can be seen as an important step towards 
innovative human-vehicle interaction systems where users can perform gestures 
and interact with the car without having to physically manipulate the steering 
wheel. 
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