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Abstract. We developed a 1-DOF power assist robot system to lift objects of different sizes by 

human subjects. We adopted a hypothesis that weight perception due to inertia might be different 

from that due to gravity when lifting an object with a power assist robot because the human feels a 

difference between the actual weight and the perceived weight of the object. We included this 

hypothesis in the robot dynamics. We then discussed the suitability of force control for the robot for 

lifting objects and developed several weight-perception-based force control strategies. These force 

control strategies may be compared to previously developed position control strategies, and the 

comparison results may help determine appropriate control for the robot to achieve desired 

maneuverability. The results, as a whole, may help develop human-friendly power assist devices to 

handle heavy objects in various industries.   

Introduction 

Power assist robot systems are used mainly for health supports and rehabilitation [1], [2]. We 

proposed a novelty in power-assist applications in [3]. In [3], we proposed that power assist systems 

could be used to manipulate heavy objects in industries. Workers in industries frequently manipulate 

heavy objects e.g. (i) loading heavy objects (luggage, bags etc.) to aircrafts, ships, buses, trains, trucks 

etc., (ii) handling heavy objects, materials, bags  etc. in  industries such as automobile, military 

services, agriculture, ship building and breaking, disaster and rescue operations, mining, 

manufacturing and assembly, construction, timber, forestry, daily household activities etc.  However, 

handling heavy objects manually is very hard, may cause disabilities and disorders in workers such as 

back pain, injuries, musculoskeletal problems  etc., and on the contrary, uses of autonomous systems 

for handling heavy objects may not provide flexibility and  satisfactory interactions with humans. 

Hence, human-robot systems such as power assist systems seem to be suitable to handle heavy 

objects/materials in the aforementioned cases. However, suitable power assist devices to handle 

heavy objects in industries are not so visible.  

    There are few models of power assist robots for objects manipulation [4], [5]. However, these 

models do not include human features such as human’s heaviness perception in their controls, and 

hence, these models are not so human-friendly. We demonstrated a model of power assist system for 

lifting objects in [3], and included human’s weight perception in the robot dynamics to improve the 

performances especially the maneuverability of the robotic system. The model proposed in [3] 

considered lifting objects in vertical direction and feedback position control was used for the system, 

and the position control was proven effective.  

     However, position control is better in some areas, but force control is better in some other areas, 

and the control method should be selected based on specific task requirements and on comparative 

results between position and force control. This paper introduced several weight-perception-based 

force control strategies for lifting objects with power-assist to improve maneuverability.    

 

Advanced Engineering Forum Online: 2011-12-22
ISSN: 2234-991X, Vols. 2-3, pp 277-280
doi:10.4028/www.scientific.net/AEF.2-3.277
© 2012 The Author(s). Published by Trans Tech Publications Ltd, Switzerland.

This article is an open access article under the terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0)

https://doi.org/10.4028/www.scientific.net/AEF.2-3.277


 

Materials  

We developed a 1-DOF power assist system for lifting objects as shown in Fig.1. A ball screw  was 

actuated by a servomotor. A force sensor was tied to the ball nut and the object (rectangular thin 

aluminum box) was tied to the force sensor. 

     

         (a) 

 

      

           (b) 

Fig.1  (a)  1-DOF power assist robot system for lifting objects. (b) Dynamics for lifting an object with 

the system. 

Dynamics  and Control 

Method 1: 

As shown in Fig.1, the dynamic equation for the real system is as Eq.(1), where m is the actual mass 

of the object, x is displacement, x”  is acceleration,  fh is human force (load force), fa is actuator force, 

g is acceleration of gravity. However, the model system is as in Eq.(2). We adopted a hypothesis 

pertaining to weight perception that perception of weight due to inertia differs from perceived weight 

due to gravity when manipulating an object with a power assist robot. For this reason, we thought that 

the mass parameter for inertia force might be different from that  for gravity force for the dynamics of 

manipulating  an object with the power assist robot [3]. Hence, Eq.(2) becomes Eq.(3). We subtract 

Eq.(3) from Eq.(1) and get Eq.(4) and then get Eq.(5) from Eq.(4). 
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mx” =fh+fa-mg                                                                         (1) 

mx’’ =fh-mg                                                                             (2) 

m1x” =fh-m2g                                                                          (3) 

(m-m1) x” = fa-(m-m2)g                                                           (4) 

fa =(m-m1) x”+(m-m2)g                                                           (5) 

We see in Eq.(5) that there is no fh. Hence, no force sensor is required.But, acceleration sensor is 

required. It is possible to measure x from encoder & counter and to derive x”. But it is noisy. Hence, 

acceleration sensor is necessary. We diagram the  force control based on Eq.(5) as shown in Fig.2. 

Method 2: 

We  multiply Eq.(1) by m1 and Eq.(3) by m, and then subtract the latter from the former, and get 

Eq.(6). Hence, a force sensor is necessary to measure fh, but  there is no need of acceleration sensor. 

We diagram the  force control based on Eq.(6) as shown in Fig.3. 

fa = (1/m1){(m1-m2) mg-(m1-m) fh}                             (6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Block diagram of weight-perception-based force control (method 1). 

Experiment Methods 

We may simulate the system shown in Fig.2 and Fig.3 separately using Matlab/Simulink (solver: 

ode4, Runge-Kutta; type: fixed-step; fundamental sample time: 0.001s) for different values of m, m1 

and m2 and may  subjectively evaluate maneuverability for the system. Then, we may compare the 

maneuverabilty  obtained for force control to that previously obtained for position control in [3]. The 

comparison results may help determine appropriate control strategies  for the robot to achieve desired 

maneuverability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Block diagram of weight-perception-based force control (method 2). 
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Conclusions and Future Works 

We developed a 1-DOF power assist robot system for lifting objects. We included human’s weight 

perception in the dynamics and derived force control schemes following two methods. The novelty in 

these force control schemes is that these schemes include human characteristics such as weight 

perception. We will simulate the system shown in Fig.2 and Fig.3 separately using Matlab/Simulink 

for different values of m, m1 and m2 and will  subjectively evaluate maneuverability for lifting objects 

with the system. Then, we will compare the maneuverabilty  obtained for force control to that 

previously obtained for position control in [3]. The comparison results may help determine 

appropriate control strategies  for the robot system to achieve desired maneuverability. We will also 

compare maneuverability between  horizontal and vertical manipulation of objects with the power 

assist robot system [6]-[9].  
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