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Abstract. As a special group, prisoners' mental health problems endanger the 
safety of supervision and social security. The traditional psychological assess-
ment scale for prisoners has a large number of topics and a complicated assess-
ment process, which makes it difficult to quickly obtain and quantify psycho-
logical risks, and also lacks follow-up health promotion intervention. It is a 
practical and efficient method to carry out early risk assessment and early warn-
ing management on the psychological symptoms of prisoners by means of in-
formation technology. The intelligent health management system constructed in 
this study conforms to the development direction of intelligent medical treat-
ment, and can make the mental health management of prisoners more objective, 
scientific and accurate. The system mainly uses the prediction model of inte-
grated learning algorithm to evaluate the mental state of prisoners, and con-
structs a relevant knowledge base for personalized health management guid-
ance. The system evaluation results show that the accuracy of the risk assess-
ment model has reached 0.974, and the personalized health promotion function 
is also feasible. Therefore, the intelligent health management system can effec-
tively assist the existing psychological assessment and correction work, find out 
the potential psychological abnormalities of criminals in time, intervene and 
correct in advance, so as to maintain the normal supervision and reform work, 
and ensure the safety of supervision and social stability. 

Keywords: Prisoners; mental health; Health management; Risk assessment; 
Personalized health promotion. 

1 Introduction 

Prisoners, as a special group, bear huge psychological pressure and ideological bur-
den, and will have psychological problems and psychological barriers such as tension, 
anxiety, fear, irritability, etc. Therefore, the possibility of prisoners suffering from 
various psychological diseases is far higher than that of normal people. A survey con- 
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ducted by Guangdong Prison Administration Bureau shows that about 42% of prison-
ers have obvious mental health problems, among which 16.1% have serious mental 
problems, mental disorders and mental disorders or mental diseases.[1] If these psy-
chological problems cannot be alleviated and corrected in a timely manner, they will 
not only be harmful to  the education and reform of these prisoners, but also lead to 
radical ideas or behaviors, which will affect their future reintegration into society [2]. 
At the same time, bad psychological symptoms will also affect the mood and behavior 
of other prisoners in the same prison area, which increases the possibility of accidents 
endangering the safety of supervision and seriously interferes with the normal super-
vision and reform work. Even, a small number of prisoners turned their dissatisfaction 
with the criminal sentence and the reform of their sentences into an open act of fren-
zied revenge against the country and the people. The Ministry of Justice of the Peo-
ple's Republic of China has made statistics on relevant data. China's recidivism rate is 
at the middle level in the world, but in major criminal cases, 70% of the criminals are 
liberators after serving their sentences. To sum up, the mental health of prisoners is an 
important factor that affects the security of supervision and social security. 

Although most of the prisons in China have been equipped with special psycholog-
ical counseling rooms and counselors, it is difficult to implement effective psycholog-
ical intervention in this traditional way of psychological counseling. The main reasons 
are as follows: The first reason is the particularity of the status of the prisoners. Their 
average cultural level is low, which makes it difficult to accurately understand the 
meaning of the scale problems, and they also lack the patience to complete many 
scale problems. Second, there are many prisoners in the charge of the correctional 
police, who are busy with their work, and may ignore their potential psychological 
distress and crisis events. Third, although each prison unit is equipped with rich edu-
cational reform and learning resources, the utilization rate of resources is limited, and 
there are many difficulties in providing mental health services for prisoners. 

SCL-90 is a psychological test that is widely used in the field of psychological as-
sessment and education and correction of prisoners [3]. However, the large number of 
questions in SCL-90 further brings difficulties to the management of mental health 
(Taking the SCL-90 Symptom Checklist as an example, 9 types of psychological 
measurement indicators, such as depression and anxiety, correspond to 9 subscales, 
with a total of 90 questions) [4][5]. 

In recent years, with the development of big data and artificial intelligence tech-
nology, the Ministry of Justice of China proposed the policy of comprehensively 
promoting the construction of "intelligent prisons" in 2019 [6]. The use of information 
technology to assist the management of prisoners has become one of the current re-
search hotspots. This research intends to build an intelligent mental health manage-
ment system for prisoners. Specifically, it analyzes the risk of mental health status of 
prisoners through integrated learning algorithms, builds a knowledge base using liter-
ature review and expert consultation, and builds a reasoning engine to provide per-
sonalized health promotion suggestions [7]. 

The innovations and main contributions of this paper mainly include: First, the ma-
chine learning-based intelligent risk assessment simplifies the process and improves 
the work efficiency on the premise of ensuring the effectiveness of computing. Sec-
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ondly, the promotion and recommendation of personalized health management based 
on knowledge base can provide a basis for achieving accurate correction of prison 
inmates. The psychological evaluation and management of prison inmates is moving 
from experience to science, from extensive to accurate, and constantly improving 
objectivity, accuracy and real-time, which is an inevitable trend of the development of 
mental health management of prisoners in the big data era. 

2 Methods 

2.1 Overall system framework 

The service architecture of this health management decision-making system includes 
four layers, namely, access layer, interface layer, service layer and storage layer from 
top to bottom. The specific system microservice architecture is shown in Figure 1. 
Based on the microservice architecture, each service function has the characteristics 
of low coupling, easy expansion, high cooperation, high cohesion, strong autonomy, 
etc. The overall system has a clear division of labor, and each service constitutes an 
overall mental health management system for prisoners. The details are as follows: 

 
Fig. 1. System frame structure diagram 

(1) The access layer includes mobile applications, PC terminals and other termi-
nals. 

(2) The interface layer is the bridge between the client and the microservice. It 
provides an API gateway to realize service discovery, registration, management, 
maintenance and load balancing. The implementation of access authentication and 
security policy is completed in the interface layer. 

(3) The service layer includes the main service modules in the system, including 
business service module, message service module and basic service module. The mes-
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sage queue implementation in the message service is applied to the communication 
between users. The basic service module includes system monitoring, task scheduling, 
cache management and log management modules. Business services include user 
center, data management, data analysis, disease management, prediction services and 
other modules. 

(4) The storage layer uses MySQL database to store the data cluster in the system, 
and builds Redis cluster services to improve the query efficiency of pregnant women's 
prenatal examination information. 

2.2 Key technology 

2.2.1 Psychological Risk Assessment. 
In order to avoid the error bias caused by a single model, this paper uses Voting 

decision level fusion algorithm and an integrated classifier based on voting idea to 
obtain the fusion results. Baseline classifiers for decision fusion include GBDT (Gra-
dient Boosting Decision Tree) [8][9], RF (Random Forest Classifier) [10], and Ada-
Boost (AdaBoost Classifier), respectively [11-13]. 

GBDT is an integrated algorithm based on a decision tree, which works well in da-
ta analysis and prediction. The algorithm was proposed in 2001 as a Boosting algo-
rithm with the CART (classification and regression tree) as the base learner. GBDT is 
characterized by high prediction accuracy, robustness, and flexibility. The core idea is 
to fit the residuals of the previous round of base learners by the negative gradient of 
the loss function and quantify the performance on the prediction classification prob-
lem. 

The RF algorithm is an integrated algorithm based on decision trees and Bagging. 
The algorithm incorporates random attribute selection during each round of decision 
tree training. The RF algorithm is a commonly used predictive classification model 
because of its high accuracy, less susceptibility to overfitting, high noise immunity, 
and fast running speed. 

AdaBoost is a weighted boosting integrated learning algorithm proposed by Yoav 
Freund and Robert Schapire in 1995. The algorithm has a low generalization error 
rate and high accuracy and can be applied to most classifiers for dichotomous or mul-
ticlassification application scenarios. 

2.2.2 Personalized health management promotion. 
The knowledge base is the core of implementing personalized health management 

scheme recommendations, and the construction of the knowledge base can only be 
completed through the cooperation of medical experts and knowledge engineers. This 
study designed a set of clinical knowledge conversion methods, which can convert the 
textual standard of psychological intervention into the knowledge that the computer 
can perform reasoning. Specifically, based on a literature survey and expert consulta-
tion, a logical rule base is established by rule mapping, which are knowledge bases 
that can be used by computer inference engines. 
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Then, according to the risk assessment results of the prediction model in Section 
2.2.1, including 9 types of psychological indicators (somatization, obsessive-
compulsive symptoms, interpersonal sensitivity, depression, anxiety, hostility, terror, 
paranoia, and psychoticism), the above knowledge base is used to automatically give 
targeted guidance and suggestions, and ultimately achieve the goal of promoting their 
mental health. 

In addition, this study also designed a Web service-based intervention scheme rec-
ommendation service to ensure the concurrency of system operation while maintain-
ing low interaction coupling. 

2.3 Main functions of the system 

The main function of this system is to use the online psychological scale to assess the 
psychological status of prisoners, and provide personalized health management ser-
vices in the follow-up. The purpose of this research and development system is to 
solve the shortcomings of traditional psychological correction work and resolve the 
hidden dangers and crises of regulatory safety. In addition, the system also includes 
basic functions such as user registration and service log. 

2.3.1 Intelligent Risk Assessment. 
After the login operation of the system, the prisoners answer the questions in the 

psychological assessment scale one by one, and submit this operation after complet-
ing all the questions. At the same time, managers can check the risk value of the pris-
oners in the 9 categories of psychological indicators in the background. 

A total of 23 questions were used to assess the mental state of prisoners, each of 
which has five options, including "not at all", "a little bit", "moderately", "quite a bit" 
and "extremely". Prisoners should fill in each question item by item until all questions 
are completed. They can be allowed to skip some questions that cannot be answered 
temporarily, but they need to fill in these questions again after completing other ques-
tions. After checking all the contents filled in, the prisoners click the Submit button to 
submit the contents to the system, and the embedded risk assessment algorithm mod-
ule calculates their psychological risk. 

The risk assessment report interface displays the psychological risk assessment re-
sults of prisoners calculated by the model. It includes one overall prediction risk indi-
cator and nine individual psychological risk indicators. The overall predicted risk 
expresses the comprehensive mental health status of the prisoners, and the single psy-
chological risk indicator specifically shows the distribution of the prisoners' psycho-
logical risk in different psychological dimensions. 

2.3.2 Suggestions on health management. 
According to the results of intelligent risk assessment, combined with the estab-

lishment of a knowledge base, we will push targeted health management recommen-
dations to prisoners. 
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The system will provide regular health education services for prisoners with nor-
mal overall predicted risk indicators, while for prisoners with abnormal risk indica-
tors, the system will provide targeted health promotion suggestions based on specific 
risk factor distribution. 

3 Evaluation 

3.1 Evaluation of risk assessment model 

In this study, the modeling parameters are determined by the Gridsearch method, and 
the optimal settings of some key parameters are shown in Table I. The voting method 
of Voting is "soft," i.e., the average probability that all the baseline model prediction 
samples are positive classes is used as the criterion, and the highest probability The 
corresponding type with the highest probability is the final prediction result. 

The algorithm environment of the evaluation model is based on Windows 10 plat-
form. The programming language is Python 3.7. The machine learning library is 
Scikit-learn, data analysis and processing with Pandas and Numpy. The hardware 
configuration CPU is Intel(R) Core (TM) i5-10210U CPU @ 1.60GHz 2.11 GHz, and 
RAM is 16.0GB. 

To evaluate the performance of each classifier on the dataset, we use accuracy, 
precision, recall and F1 Core as evaluation indicators. The calculation method is 
shown in Formula (1) - Formula (4). 

 
Accuracy = TP TN

TP TN FP FN
+

+ + +
 (1) 

 
Precision = TP

TP FP+
 (2) 

 
Re TPcall

TP FN
=

+
 (3) 

 
2* *1 precision recallF Score

precision recall
− =

+
 (4) 

Table 1. PARAMETER DISTRIBUTION OF THE MODEL 
Model Parameter Value 

GBDT 

loss function deviance 
learning rate 0.10 
n_estimators 200 

min_samples_leaf 10 
min_samples_split 3 

max_depth 7 

RF 

n_estimators 200 
max_depth 7 

max_features 10 
min_samples_leaf 5 

AdaBoost 

max_depth 3 
min_samples_split 10 

n_estimators 200 
learning_rate 0.10 
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An independent verification set of 5816 prisoners is used to evaluate the perfor-
mance of the risk assessment model. The classification performance of Voting deci-
sion level voting fusion algorithm and three types of baseline models is shown in 
Table II. The accuracy of Voting decision level algorithm is 0.974 compared with 
other models. In addition, recall and F1 score are also the highest, reaching 0.90 and 
0.92 respectively. In conclusion, the Voting method used in this paper has a relatively 
stable performance on this dataset. 

Table 2. The Classification Performance Of The Voting Algorithm With The Three Types Of 
Baseline Models 

Model Acc Precision Recall F1-score 
GBDT 0.971 0.92 0.90 0.91 

RF 0.971 0.95 0.87 0.90 
AdaBoost 0.973 0.94 0.89 0.91 

Voting 0.974 0.94 0.90 0.92 

3.2 Evaluation of risk assessment model 

In this study, a questionnaire was used to evaluate the functions of the health man-
agement recommendation scheme constructed in this paper. A total of 6 psychological 
experts participated in this work, including two from universities, two from relevant 
units of the public security, procuratorial and judicial organs, and two from medical 
institutions. The six experts were assessed by anonymous questionnaire, and the ex-
perts filled in the assessment form according to their subjective experience. 

The evaluation dimensions include effectiveness, safety, economy and social 
adaptability. The score of each question in the evaluation table is divided into six 
options: 0 means "no comment", 1 means "very unimportant", 2 means "not very 
important", 3 means "generally important", 4 means "important" and 5 means "very 
important". Table III lists the evaluation results of experts on the system functions. 

Table 3. HEALTH TECHNOLOGY ASSESSMENT OF THE SYSTEM 

Evaluating Indicator Avg Std 
effectiveness 4.17 0.69 

safety 4.50 0.50 
economy 4.17 0.69 

social adaptability 4.67 0.47 
We can see from Table III that the experts have a good overall evaluation of this 

function, and the system can, to a certain extent, achieve the prediction, early warning 
and prevention of the psychological abnormalities of prisoners. 

4 Discussion 

At present, most of the prisons in China have been equipped with special psychologi-
cal counseling rooms and counselors. However, due to the large number of prisoners 
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in a prison and their special identity, it is difficult to implement effective psychologi-
cal intervention through traditional psychological counseling. Therefore, the mental 
symptom health management system for prisoners based on artificial intelligence 
technology is in line with the development direction of psychological correction work 
and can make the psychological evaluation results of prisoners more objective, scien-
tific and accurate. 

This research is based on the idea of "preventing disease from changing" of the 
concept of "treating disease before disease", with the aid of intelligent tools to assist 
the existing psychological assessment and correction work, and develops a mental 
health risk assessment and early warning management system for prisoners based on 
big data and artificial intelligence technology. The system can quickly realize the 
psychological evaluation of prisoners and identify the types and severity of different 
psychological abnormalities. The system can then perform classified summary, scor-
ing sorting and intelligent alert on the evaluation results. Our main purpose is to time-
ly find out the psychological abnormalities of criminals and signs of violations of 
rules and regulations, provide basis for early intervention and correction, and finally 
achieve the effect of "solving problems in the bud". 

In addition, this study has some limitations. First, the risk assessment model is car-
ried out on the traditional scale data set, without using the fusion of voice, expression 
and other data information based on multiple sensors, and without considering the 
time series information. More importantly, the real effect of the model still needs 
large-scale, multi center verification. Second, the logical rule base for health promo-
tion suggestions is still based on manual construction, so the reasoning process cannot 
meet the requirements of complex use scenarios. 

Therefore, the later work mainly focuses on the following two aspects. First, col-
lect more multi-dimensional feature information of individuals including voice, ex-
pression, physiology, etc., comprehensively analyze the psychological symptoms of 
individual prisoners from various aspects, and design more appropriate in-depth learn-
ing network model to improve the performance of risk assessment model; The second 
is to use natural language processing technology to construct the mental symptom 
health management knowledge map of prisoners and explore more appropriate health 
promotion programs. 

5 Conclusion 

The health management system studied in this paper realizes the early prevention, 
control and scientific management of the mental health of prisoners, guarantees the 
safety of supervision and social stability, and protects the safety of people's lives and 
property. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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