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Abstract. Astronauts are exposed to numerous stressors during spaceflights, to 
reduce the faulty operations and improve human performance in manually 
controlled  rendezvous and docking (manual RVD) of space vehicles, a 
method, which applies sophisticated cognitive architecture Adaptive control of 
thought–rational (ACT-R ) to model astronaut‘s cognitive behaviors and 
investigate the cognitive components influencing human performance, is 
proposed in this paper . To model the cognitive behaviors in completing manual 
RVD task, the declarative knowledge of the cognitive processes was obtained 
from experiments, the procedural knowledge was acquired by analyzing the 
relationship between cognitive processes and behaviors, and the model 
parameters were set up according to the boundary conditions and task 
characteristics. Manual RVD cognitive behavior model is then built up based on 
the declarative knowledge, the procedural knowledge and the model 
parameters. Comparisons of model running results and manual control results 
were performed to test the model’s validation. ACT-R control panel tool was 
also used to analyze the process of model’s running and manual control 
behaviors. Results of the comparisons indicate that the ACT-R model proposed 
in this paper is in accordance with human cognitive behaviors.  

Keywords: ACT-R, manually controlled Rendezvous and docking task, 
cognitive behavior modeling, model’s validation. 

1 Introduction 

Cognitive models are appearing in all fields of cognition at a rapidly increasing rate, 
ranging from perception to memory to problem solving and decision-making. A large 
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percent of the articles appearing in major theoretical journals of Cognitive Science 
involve cognitive modeling. Furthermore, applications of cognitive modeling are 
beginning to spill over into other fields including human factors, clinical psychology, 
cognitive neuroscience, agent based modeling in economics, and many more [1]. As 
an effective research method for human’s cognition, cognitive modeling is well 
accepted and widely studied recently, such as Anderson and Fincham(2012) track 
problem-solving using brain imaging[2], Janssen and Gray(2012) Reinforce Learning 
based Models of Cognition[3], Kennedy and Ritter(2012) address the topics related to 
cognitive modeling of beyond-rational cognition[4], Gunzelmann (2011) elaborate a 
variety of disciplines and methodologies on Modeling Spatial Cognition[5], and Borst 
and Taatgen (2011) perform model-based fMRI analyses by using high-level 
symbolic cognitive models to enable fine-grained exploratory fMRI research[6] etc. 
Thus cognitive modeling is becoming an essential tool for Cognitive Science in 
particular and the Social Sciences in general.  

As one of the most typical and widely used cognitive architecture and a unified 
theory of cognition [7], ACT-R aims at using software to simulate a full range of 
cognitive tasks, has been used to construct models to simulate human’s task 
performing and cognitive process, such as Beckmann and Yilmaz(2012) introduce a 
realization of a more complicated interactive warning framework to avoid operator 
mistakes during maintenance[8], Kennedy and Patterson (2102) present an ACT-R 
model to predict the development of intuitive decision-making in humans[9] etc. In 
addition, ACT-R has been used to access and improve human’s performance in 
complex and adaptive system such as aircraft operations, nuclear power operations 
and supervisory control. Gunzelmann and Moore (2012) tries to account for the 
function of a particular brain area and raises questions for understanding cognitive 
performance [10], Wayne and David discuss how to use cognitive modeling to access 
human(pilot, computer user, and car driver) performance[11-12], and Gunzelmann 
et .al use cognitive modeling to study impaired performance due to sleep deprivation 
[13-14]. 

Manual RVD is a complex and difficult task for astronauts. During manual RVD, 
due to human's capability in observation, analysis, judgment, decision-making and 
handling, the astronauts can make judgment and decision timely for the system's fault 
and can improve probability of success for manual RVD task. However, Astronauts 
are exposed to numerous stressors during spaceflights, such as microgravity, 
confinement, and radiation, all of which may impair human cognitive capabilities. In 
some critical operations for spaceflight, such as operating the mechanical arms, 
extravehicular activities, and driving the spacecraft, etc., fault operation may cause 
serious disasters. Moreover, due to limitations for test conditions, uncertainty and 
poor features of experimental results in the study of human cognitive behavior for 
spaceflight, experimental researches are difficult to implement in reality. As a 
cognitive modeling tools, The ACT-R provide studies helps for astronauts’ 
performance on orbit. 
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2 Data Acquisition and Knowledge Extraction 

2.1 Data Acquisition Experiment 

To obtain the knowledge and model parameter for manual RVD task’s cognitive 
behavior model, manual RVD experiment is designed and implemented to collect the 
raw data. For convenience, the experiment only consider the situation that manual 
RVD operation start from distance 20 meters of two space vehicles to the manual 
RVD task being finished, longitudinal speed maintains 2m/s and remains 
unchangeable, the initial displacement in the horizontal and vertical direction of two 
vehicles are both 2 meters, there is no initial velocity in the direction of horizon and 
vertical, and there is no posture (rotation, pitch and yaw) operation during the whole 
manual RVD task. That is to say that there is only three dimensions’ moving 
operation being considered in the designed experiment. 

During experiment of operator’s manual RVD task, the operator’s behavior and 
vehicle’s status are recorded. Table 1 shows the snippet of the recorded information 
as examples. 

Table 1. Cognitive behavior for manual RVD task 

Distance / 
Time 

Vision Information processing Manual control 

Vehicle's 
status 

Attention Memory Judgment
Decision 
making 

Move 
op. 

Time elapse 

0’0”(20m) Q1, N RU Lo, Po RU O:S NULL  
0’0”-0’1” Q1,R RU Lo,Po RU O:L L,1 0.5’ 
…        

 
In Table 1, Q1 - Quadrant I, N - No motion trend, RU-Right upper corner location, 

O-Operation, R-Right (in Vehicle status column represent right moving, and in 
Decision making column and Move op. column represent for right operation), Lo- 
Location, Po - Posture, S -Start operation, L - Left, and 1 - 1 time. 

2.2 Knowledge Extraction and Model’s Parameters 

The most important thing in ACT-R is extraction for declarative knowledge, 
procedural knowledge and model’s parameter. The declarative knowledge is some 
conceptions definition for the task or some facts, such as the operations, the vehicle’s 
status and the relationship between drone’s size and vehicle’s distance etc. The 
procedural knowledge is rules for decision-making of the model, and procedural 
knowledge is acquired by analyzing the relationship between cognitive processes and 
behaviors. Typical procedural knowledge such as determining operation behavior 
according the vehicle’s location or determining the vehicle’s distance according to the 
drone’s size can be extracted from the experimental data recorded in Table 1. The 
model parameters are set up according to the boundary conditions, some custom 
constants predefinition and the task’s characteristics, such as the vehicle’s maximum 
speed, maximum contact speed and the maximum allowable deviations etc. 
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2.3 Manual RVD Cognitive Behavior Modeling 

The cognitive model on ACT-R architecture platform is programed in lisp 
programming language and composed of two main parts, the first part is the manual 
controlling part for user’s manual controlling GUI, and another part is the model part. 
The manual controlling part implement the functions for dealing of user’s operation 
input, vehicle’s movement and related information display in GUI.  The model part 
includes the chunk type’s definition, declarative knowledge, first goal of the model 
and all the procedural knowledge.  

3 Model’s Running and Validation 

The model can be run either in manual controlling or automatic mode. As in the 
manual controlling mode, the operator implement manual RVD task by controlling 
the vehicle’s movement according the vehicle’s moving status, and vehicle’s running 
status and operations are recorded by model. When model running in automatic mode, 
the model start running according to model’s first goal, and then it fires productions 
circularly along with the model’s new goal. The model will end as there is no any 
production fit the goal of the goal buffer and being trigged. 

The comparison method for model running results and manual control process is 
used to test the model’s validation, and also ACT-R control panel tool is used to 
analysis the process of model’s running and manual control behavior. Figure 1 show 
the time period comparison for manual operation result and model’s running result.  

 

Fig. 1. Behavior Comparison results for manual operation and model's running 

The upper half section of the figure 1 is the cognitive procedure when model 
running and displayed in ACT-R control panel tool. On the left of this section we see 
the names of all the buffers and along the bottom we see the time. For each buffer 
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there are boxes displayed which correspond to the actions which occurred related to 
that buffer. The boxes in the production row show the names of the productions which 
fired, but for the other buffers they display the chunk-type of the request which was 
made at the top of the box and the name of the resulting chunk (if there was one) 
along the bottom. The lower half part is the operator’s behavior procedure as the 
manual RVD experiment being conducted. From the figure we can find the model’s 
results are is quite up to the manual control operations. 

The comparison of vehicle location for manual control and model’s automatic 
running in the procedure of manual RVD tasks are implemented. Fig. 2 shows the 
comparison results for the horizontal and vertical direction. 

 

Fig. 2. The location’s comparison results for manual operation and model's running 

The figures show that the model’s running procedure is in accordance with the 
moving trend of manual control procedure in manual RVD task. 

4 Discussion 

To get the model to fit the manual cognitive behavior requires not only writing a 
plausible set of productions which can accomplish the task, but also setting the ACT-
R parameters that control the behavior as described in the equations governing the 
operation of declarative memory. This paper only describes the model running result 
with the default values for the parameters and hence the model’s result shows some of 
the general trends in figure 2. There are lots of parameters in ACT-R that reflects 
human's characteristic such as base-level-activation, retrieve threshold and latency 
factor, etc. By adjusting the model's parameter, the manual RVD task's performance is 
not investigated here. 

5 Conclusion 

ACT-R is a developing theory and architecture, on the one hand it is complex both in 
theory and architecture, on the other hand it has been developed very quickly recently. 
Cognitive model of a simple task is developed in this paper and lots of simplifications 
have been made. There is much work to do in developing models for sophisticated 
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manual RVD tasks and assessing difference behavioral performance with parameter’s 
tuning in the model.  

The contribution of this paper is that a method for analyzing the human cognitive 
behavior is proposed. Comparisons of both the cognition procedures and vehicle’s 
locations were performed to validate the cognitive model.The analyzing result shows 
that the model based on the ACT-R cognitive architecture is effective in modeling 
astronaut’s cognitive behavior in the manual RVD task. 
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