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Abstract: A small diameter deep well rescue robot is proposed in this work to address issues 
including special well conditions and the difficulty of small diameter deep well rescue. In order to 
achieve efficient rescue, combined with small diameter deep wells, establish an efficient smart 
small caliber deep well rescue robot. A virtual prototype model of the mechanism is established 
using the 3D design software SOLIDWORKS. Based on the principle of PD automatic control, the 
joint control of ADAMS and MATLAB is carried out. The control function of each driver is set, along 
with the input and output variables, and a joint control file is generated. The PD automatic control 
code is compiled in MATLAB software, and a Simulink simulation control block diagram is designed. 
The entire rescue process is then simulated, and the change track of the output variable is obtained. 
The results show that the rescue robot can detect the position of a person who has fallen into a well. 
By rotating the manipulator, the robot can reach the ideal grasping position. Facilitated by the 
grasp of the manipulator and the secondary protection of the bracket mechanism, the rescue robot 
can then complete the deep well rescue work. 
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1. Introduction  
 
There are a large number of mines, pile shaft, motor-
pumped wells and irrigation in the rural areas of our 
country, and also some tube wells laid for water 
supply, drainage, gas and electric power in the urban 
construction [1-2]. Most of these wells are in the 
open air, virtually formed a hidden security problem 
[3]. China has a great number of such accidents every 
year. Due to the small caliber of these wells, most of 
them only 30 to 100 cm range. There is no special 
rescue equipment so that it′s very difficult and takes 
long time to make aid work [4-5], sometimes 10 
hours, or even longer, resulting in people injured 
seriously and even death for the trapped treatment is 
not promptly. 

With regard to this work, a deep well rescue 
robot was developed and designed to retrieve 
persons falling into a well [6]. An increasing amount 
of pipeline wells for water supply, drainage, gas, 
electricity, etc., are being constructed due to the 
development of industry and urban construction. 
Due to a lack of proper management, some pipeline 
wells in rural areas, including some dry wells and 
field irrigation wells, are also in the open air, while 
construction site wells are often not filled in time 
after being used [7-10]. As individuals are often not 
aware of the precautions to take around pipeline 

wells, this phenomenon presents a safety risk to 
human lives [11-13]. 

In view of the complexity and special nature of 
the rescue site of the small diameter deep well, a 
multi- function deep well rescue robot is designed 
[14-16]. The robot consists of a well supporting part, 
a traveling mechanism, a crawler arm, anchor 
mechanism, and auxiliary system, including lighting, 
imaging, location sensing, and the like. Considering 
the different postures of falling porters, the rescue 
robot arm needs to adjust the grab position 
according to the situation to get the best rescue 
direction [17-20]. 

 
2. A Small-caliber Deep Well Rescue 

Robot Prototype Model  
 

The designed small-caliber deep well rescue robot 
mainly consists of a body, a fixed mechanism, a 
traveling mechanism, a bracket mechanism, a 
mechanical arm guide rail, a grasping mechanism, 
and accessory devices. The accessory devices 
predominantly include lighting, camera, and sensing 
devices. When a fall accident occurs, the small-
caliber deep well rescue robot will enter the well 
through a traveling mode of suspension and walking 
mechanisms. When the distance sensor at the bottom 
of the body detects the distance till stopping, it will 
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send a signal to halt the progression to the driving 
mechanism, which will stop the robot. The sensor 
fusion system detects the conditions at the bottom of 
the well, including humidity, temperature, CO, 
oxygen content, methane, and other harmful gases, 

providing information for rescuers to develop a 
rescue plan. The prototype model of the proposed 
small-diameter deep well rescue robot is shown in 
Figure 1. 
 

 

 

 

1. Fixed block;  

2. Fixed support rod;  

3. Fixed sleeve;  

4. Fixed link;  

5. Push block (connected with linear 

motor);  

6. Body;  

7. Marching agency;  

8. Carriage slide rail (connected to 

the drive); 

9. Bracket mechanism;  

10. Robotic arm guide;  

11 Grabbing mechanism (linear 

motor drive);  

12. Sensor system;  

13. Lighting and camera system 

 
Figure 1:  A small-caliber deep well rescue robot 

 
The position of the robot's grasping mechanism is 

adjusted according to the posture of the person in 
the well. The tray of the stand mechanism is then 
opened to a vertical position to make room for the 
manipulator to move up and down. The rescue 
personnel can clearly see the movement of the 
downhole manipulator through the camera device 
and control it so that the manipulator's gripping 
mechanism can take hold of the person inside the 
well. The manipulator arm will then lift to move 
upwards.  

 

When the position of the well falls to the top of 
the bracket mechanism, the bracket mechanism 
begins to rotate so that the pallet moves to the 
horizontal position to prevent the person from 
falling back to the bottom of the well. When the 
manipulator and the carriage mechanism reach the 
designated position, the lifting mechanism and the 
traveling mechanism move simultaneously to 
transport the robot to the well to realize deep well 
rescue.  

This rescue process is denoted in Figure 2. 

 
Figure 2: Rescue process 
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2.1 Marching Agency 
 

The designed deep well rescue robot moves up 
and down in the well using two mechanisms: one is 
the hoisting mechanism on the well, which uses 
rollers and ropes to move the deep well rescue robot 
up and down in the well; the other uses rollers to 
move up and down along the inner wall of the well. 
The roller can not only roll up and down along the 
shaft wall but can also be fixed on the shaft wall at a 
certain place where it needs to be stopped, helping to 
maintain the stability of the deep well rescue robot.  

The traveling mechanism design employs the 
principle of an aircraft landing gear and is shown in 
Figure 3. 
 

 
Figure 3: Schematic diagram of marching mechanism 

 

The traveling mechanism is designed using the 

working principle of an aircraft landing gear. 

According to the circular shape of the well head, a 

traveling mechanism is designed at 90° intervals. 

When the traveling mechanism is fully opened, it has 

a self-locking function so that it can be stabilized at 

any position in the well. However, it is different from 

how the landing gear of an aircraft is mounted. When 

the walking mechanism of the deep well rescue robot 

is fully operational, the roller is not in a vertical state 

and instead maintains a certain angle with the well 

wall in order to better realize the fixation and 

facilitate the deployment of the clamping mechanism 

for rescue. 

 
2.2 Grabbing Mechanism 
 

The grasping mechanism is the execution 
mechanism of the rescue robot for deep wells. The 
shoulders, armpits, or waist of the individual being 
rescued are grasped by the gripping mechanism's 
claws, and they are lifted to the ground through the 
lifting mechanism. Thus, the role of the grasping 
mechanism is highly important and determines 
whether the person can be rescued successfully. The 
gripping force is also a key aspect of the design. The 
gripping mechanism is shown in Figure 4. 

 
Figure 4: Schematic diagram of grasping mechanism 

 
The grasping mechanism is the only component 

of the entire mechanical arm that performs the 
grasping action. After grasping the person inside the 
well, they must be lifted into the shell of the rescue 
robot when the body mechanism of the rescue robot 
is stationary. The hoisting mechanism uses a crank 
slider, and the sliding block is connected with the 
claw component to realize the rise and fall. The claw 
structure is connected to a linear motor which 
completes the opening and closing of the claw. 

 

2.3  Bracket 
 

After the claws grab the rescued person and rise 
into the rescue robot's shell, the bracket at the 
bottom of the rescue robot provides upward support 
for the person. This prevents the claws from gripping 
too tightly as well as the person from falling into the 
bottom of the well again. The bracket is designed 
with a crank-slider mechanism, and the movement is 
limited. Before the rescue, the bracket swings 
parallel to the shaft wall to allow the up and down 
movement of the open claw. When the claw grabs the 
person and rises to the bracket, the bracket flips to a 
horizontal position to support the individual and 
provide assistance for the claws. Since the rescue 
robot has a circular structure, there are a total of 
four brackets designed to be spaced 90° apart. The 
bracket structure is shown in Figure 5. 
 

 
Figure 5: Bracket structure diagram 

 
The connection between the bracket and the 

robot body is shown in Figure 6. 
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Figure 6 Schematic diagram of the connection 

between the bracket and the body 
 

3. PD Automatic Control Principle 
 

The PD controller exerts the proportional– 
derivative control law.  

Features of the PD control mode: 
A PD linear feedback controller is used in various 

independent motion joints. It is widely used in 
industrial robot control as it is easy to design and can 
ensure gradual stability. 

The relationship between the output m(t) and 
input e(t) is shown in the following formula:  

 

where Kp is the proportional coefficient and τ is the 
differential time constant. Both Kp and τ are 
adjustable parameters. The PD controller is shown in 
Figure 7. 
 

 
Figure 7: PD controller 

 
During series calibration, an open-loop zero point 

of −1/τ can be added to the system to increase its 
phase angle margin, thus contributing to the 
improvement of the dynamic performance of the 
system. The differential control law in the PD 
controller can reflect the change trend of the input 
signal and generate an effective early correction 
signal to increase the damping degree of the system, 
thereby improving its stability. 

 

4. Realization of Automatic Control Based 
on ADAMS and MATLAB 
 

The control method of the deep well rescue robot 
is PD automatic control, which uses the difference 
between the target value and the initial value. The 
control mainly includes two aspects of the rescue 
robot body: moving downwards and upwards. 
Before grasping, the angle of the manipulator and the 
grasping target angle is adjusted. 

4.1 Control Function 
 

The STEP function is employed to define the up 
and down motion control function of the rescue 
robot body, the rotation control function before 
manipulator grabbing, and the control function of the 
manipulator grabbing. 

(1) Up and down motion control function of 
rescue robot body 

Taking the behavior of the rescue robot body as 
an example, the downward motion drive is named 
general_motion_1. The downward motion time is 
obtained according to the motion simulation, and the 
STEP control function of motion is obtained in the Z 
direction, as shown in Figure 8. 

 

 
Figure 8: Downward motion control function of rescue 

robot body 
 

(1) Grasping motion control function of rescue 
robot manipulator 

According to the specific position of the falling 
target, the relative position of the robot arm is 
adjusted to facilitate grasping, and the motion drive 
of the robot grasp is formulated. This is named 
general_motion_2. The grasping motion time is 
obtained according to the motion simulation. The 
STEP control function of the movement in the Z 
direction is shown in Figure 9. 

 

 
Figure 9: Grasping motion control function of rescue 

robot 
 

(2) Rotational motion control function of rescue 

robot manipulator. 
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The relative position of the robot arm and the 
falling target is adjusted according to the specific 
position of the falling target. This rotation to a 
position aligned with the target formulates the 
motion drive of the robot rotation, which is named 
general_motion_3. The rotation motion time is 
obtained according to the motion simulation. Figure 
10 shows the STEP control function of the movement 
in the Z direction. 

 

 
Figure 10: Rotational motion control function of 

rescue robot manipulator 
 

4.2 Define State Variables 
 

(1) The initial state variables of the rescue robot 
OUT_Y0 is defined as the lowest point of the 

rescue robot body and the initial state variable of the 
rescue robot, as shown in Figure 11. 

(2) Target variable 
Taking the position of the center of the target 

mass as the target point, OUT_Y1 is defined as the 
falling target variable, as shown in Figure 12. 

(3) The return of the rescue robot to the 
position variable after grabbing 

After the rescue robot grabs the target in the well, 
it must return to the top of the well and define 
OUT_Y2 to return the target position variable, as 
shown in Figure 13. 

(4) Variables of the angle between the falling 
well target and the robot body 

When the rescue robot descends to the specified 
position, the angle between the manipulator and the 
falling target must be adjusted to facilitate grasping. 
Here, OUT_AG is defined as the angle variable 
between the two, as shown in Figure 14. 

(5) Variables of driving force of rescue robot 
moving downwards 

INT_F is defined as the driving force variable of 
the rescue robot's downward motion, as shown in 
Figure 15. 

(6) Variables of driving force of rescue robot 
moving downwards 

When there is an angle between the robot arm 
and the target, it cannot be grasped. Therefore, the 
angle of the robot arm must be adjusted, and INT_M 
is defined as the driving torque variable of the rescue 
robot arm rotation motion, as shown in Figure 16. 

 

 
Figure 11: Definition of initial position variables of 

rescue robot 
 

 
Figure 12: Definition of target variables 

 

 
Figure 13: The rescue robot returns the target 

variable 
 

 
Figure 14: Target variable of the angle between the 

manipulator and the target 
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Figure 15: Driving force variable of rescue robot 

downward motion 

 

 
Figure 16: Variable of driving torque of manipulator 

rotation motion 
 

The Simulink control block diagram was 

obtained in MATLAB software by entering adams_sys 

in the command window and pressing Enter. The 

final Simulink control block diagram after editing 

and sorting is shown in Figure 17. 

 

 
Figure 17: Simulink control block diagram 

 

5. Motion Simulation 
 
Based on MATLAB, the simulation time was set to 20 
s, and a simulation was performed to obtain the 
change curve of each output variable.  

 

The results are shown in Figures 18 and 19. 
 

 
Figure 18: Rescue movement process of rescue robot 

body 
 

 
Figure 19: The movement process of the center of mass 

of the falling target 
 

It can be seen from the simulation result graph in 

Figure 18 that the initial position is defined as the 

zero point. The rescue robot starts from the initial 

position and moves downwards. The distance 

between the calibration point of the robot body and 

the calibration point of the falling target is used to 

determine when the robot's downward movement 

will stop. Figure 19 shows the change curve of the 

center of the target mass. With the grasping 

movement and the ascent of the robot body, the 

center of the mass of the target reaches the initial 

position of the robot body at about 18 s, and well 

rescue is achieved. 

After the simulation, the results are imported 

from ADAMS to view the data. The import process is 

shown in Figures 20 and 21. 
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Figure 20: Rescue initial state   

 

 
Figure 21: Rescue end state 

 
ADAMS post-processing was used to view the 

simulation results. The resulting curve of the control 
force of the rescue robot’s up and down movement is 
shown in Figure 22. 

 

 
Figure 22: Change curve of driving force of rescue 

robot body movement 
 

It can be seen from Figure 22 that when the 
rescue robot body descends, under the combined 
action of the suspension mechanism and the 
traveling mechanism, the force is small, which 
verifies that the lightweight optimization meets the 
requirements of use; when it runs to 13 s, the rescue 

robot completes its mission. In order to achieve the 
grasping action, it must move upwards. After 
increasing the weight of the feller, the grasping force 
is finally stabilized at 750 N, which can meet the 
requirements for use in small-caliber rescue robots. 
The change curve of gripping force is essentially the 
same as the expected change law, which can meet the 
needs of deep well rescue work. 

 

6. Conclusions 
 
This work explored the automatic control of rescue 
robots. Using PD automatic control theory and based 
on ADAMS-MATLAB joint control, the STEP control 
function of each motion module and the input and 
output variables were set in ADAMS, and the joint 
control file was formulated. MATLAB software was 
used to obtain the Simulink control block diagram, 
compile the PD automatic control code, simulate the 
movement process of the deep well rescue robot, and 
obtain the change curve of the output variables.  

The simulation data results were verified in 
ADAMS, and the force and moment curves during the 
up and down movement of the deep well rescue 
robot were obtained to achieve precise control of the 
entire rescue process. 
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