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RESEARCH ON RECOGNITION METHOD OF
HUMAN COGNITIVE BIAS IN
HUMAN-MACHINE SYSTEM

ABSTRACT

With the advancement of science and technology and the increasing demands of
people on all aspects of production development, the role of human-machine systems
is becoming more and more abundant. Human-machine system (HMS) is a system
composed of human and machines and relies on the interaction between human and
machine to complete certain functions. The performance of human-machine system
depends on two parts: human and machine. In this paper, we assume that the machine
is perfect, therefore only consider the impact of human behavior on system performance.
Under a specific target and specific environment, people in the HMS may be more
likely to have some internal abnormalities or cognitive biases, leading to wrong
decisions and affecting the performance of the human-machine system.

The research content of this thesis is to identify the cognitive bias of human beings
in HMS. This paper extends the cognitive bias from the definition of psychology to the
internal state abnormality including physiological and psychological parts. Since the
internal anomalies generated by people in the human-machine system generally affect
the output of the HMS, we detect the internal state of the human from the output data
of the human-machine system to determine whether the person has an abnormality. The
main work of the thesis is as follows:

1. Overview the research background and significance of the thesis. Then introduce
the research status of the human-machine system and the collaborative control of people
and machines.

2. This thesis draws on the POMDP method for making decisions under uncertainty



conditions. Based on POMDP, the human-machine system is modeled, and a kind of
man-machine system's output data is constructed to infer whether the internal state of
the person in the system is Anomalous method.

3. The effectiveness of the proposed method is verified based on the simulation

experiment of human-machine system setting in the common human driving car scenery.

Key Words: human-machine system, cognitive bias, POMDP, Bayes' theorem
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fii%: FEBRPEEER

%% TR 58 ) 2 Bk R G N 3 B ) A IR S e R
clear all;clc;

t=1:1:120;

ESh = zeros(1,120); %R i i) /(]

Im = zeros(1,120); Y% AXT ERIFEHIFIAN (-1 2. 0 EAT 1 A
Sm = zeros(1,120); % ZERPRE/AIE (2. -1, 0. +1. +2)

P = zeros(1,120);

P A1=0;P_A2=0;% Al=Sleepy A2=Awake

%% BEALAZ BB ShONI N EBIRAS)
Sh=[-1,1,1,1,-1,-1,-1,1,1,1,1,1,1,1,1,1,1,1,1,1,...

-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,.
-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,..
-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,1,1,1,-1,-1,-1,-1,-1,-1,-1,..
-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,...
-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1];%Human internal state [ SRJEAL K]

RGN NN IR
%% AHMA A — Bt Ah1ONBRRS FRPIRZS)
fori=1:1:120
content = [0 1]; prob =[0.02 0.98];
tt = randsrc(1,1,[content;prob]);
iftt==
ESh(i) = Sh(i);
else
ESh(i) = Sh(i)*(-1);
end
end
%% ERUHRLIK] AR2( AN ZE i 4 N ) A1 Sm(ZE A7 ) ML I 2 R A B
M ERAEAR 2T — I 21 224 B
fori=2:1:120
j=i+l;
if Sh(i) == -1 %Awake
if Sm(i) <0
content = [0 1]; prob = [0.1 0.9];
Im(i) = randsrc(1,1,[content;prob]);
elseif Sm(i) > 0
content = [-1 0]; prob =[0.9 0.1];
Im(i) = randsrc(1,1,[content;prob]);
else
content = [-1 0 1]; prob =[0.01 0.98 0.01];
Im(i) = randsrc(1,1,[content;prob]);
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end
else
content =[-1 0 1]; prob=1[0.1 0.8 0.1];
Im(i) = randsrc(1,1,[content;prob]);
end
Sm(j) = Sm(i) + Im(i);
end

fori=2:1:120
if ESh(i) == - % HRESHE
P _A1=0.1;
P A2=0.9;
else % HRHE &
P A1=0.7,
P A2=0.3;
end
if (Sm(i-1) == -2) || (Sm(i-1) ==-1) % A B WAL
switch Im(i)
case 0 % FEHEAARFEEAT
P B2=0.1; % B E/R“fE Sm=-2 I}, RE Im=0" P B2=P(BJA2)
P B1=0.334;
case 1
P B2=0.9;
P B1=0.333;
case -1
P B2=0;
P B1=0.333;
end
elseif Sm(i-1) == % ZEAE (A
switch Im(i)
case 0
P B2=0.9;
P B1=0.334,
case 1
P B2=0.05;
P B1=0.333;
case -1
P B2=0.05;
P B1=0.333;
end
else % FALE WA
switch Im(i)
case 0
P B2=0.1;
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P B1=0.334;
case 1
P B2=0;
P B1=0.333;
case -1
P B2=0.9;
P B1=0.333;
end
end
a=P AI*P_BI+P_A2*P B2;
b=P AI*P BI;
P(i) = b/a;

end
%6%%%%%6%%6%%6%%6%%6%%6%%6%%6%%6% %% %% %% %6% %6 % %% %% %% %% %% %% %
%% AT Z B R g N 250 51 1 A SRS F o Al

clear all;clc;

t=1:1:120; t1 = 1:1:121;

Sh = - ones(1,120); % A [ A FRES

ESh = - ones(1,120); %R fi f115+/141(0/1)

Im = zeros(1,120); Y% AXTERIFEHIFIA (-1 2. 0 WA 1 HAT)
Sm = zeros(1,120);  %ZEHPRE/ALE (-2, -1, 0. +1. +2)
Warning = zeros(1,120);

P = zeros(1,120);

Rewardl = 0;Reward0 = 0;

fori=2:1:120
j=i+l;

content = [0 1]; prob =[0.02 0.98];
tt = randsrc(1,1,[content;prob]);
if tt ==
ESh(i) = Sh(i);
else
ESh(i) = Sh(1))*(-1);
end

ifESh(i)==-1 % R[5
P A1=0.1;
P A2=0.9;

else % BRI A&
P Al=0.7;
P A2=0.3;

end

30



HHL T KA AR 57183

if (Sm(i) ==-2) || (Sm(i) ==-1) % ZEALE WA
switch Im(i)
case 0 % EHIAN “OREFEAT”
P B2=0.1; %B &/R~ “1E Sm=-2 i, KH Im=0" P B2=P(B|A2)
P B1=0.334;
case 1
P B2=0.9;
P B1=0.333;
case -1
P B2=0;
P B1=0.333;
end
elseif Sm(i) == 0 % ZEAEH ]
switch Im(i)
case 0
P B2=0.9;
P B1=0.334;
case 1
P B2=0.05;
P B1=0.333;
case -1
P B2=0.05;
P B1=0.333;
end
else % AL E WA
switch Im(i)
case 0
P B2=0.1;
P B1=0.334,
case 1
P B2=0;
P B1=0.333;
case -1
P B2=0.9;
P B1=0.333;
end
end

a=P Al*P BI+P A2*P B2;
b=P A1*P BI;

P(i) = b/a;

x=1;
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while(x>=1)
Sh(j) = -1;

if Sm(i) <0
content = [0 1]; prob = [0.1 0.9];
Im(i) = randsrc(1,1,[content;prob]);
elseif Sm(i) > 0
content = [-1 0]; prob =[0.9 0.1];
Im(i) = randsrc(1,1,[content;prob]);
else
content = [-1 0 1]; prob=1[0.01 0.98 0.01];
Im(i) = randsrc(1,1,[content;prob]);
end
Sm(j) = Sm(i) + Im(i);

switch Sm(j)
case -2
Rsm=35;
case -1
Rsm = 10;
case 0
Rsm = 20;
case 1
Rsm = 10;
case 2
Rsm=35;
otherwise
Rsm = 0;
end
Rewardl = Rsm - 5;

Sh(j) = Sh(i);

if Sh(j) == -1,
if Sm(i) <0
content = [0 1]; prob =[0.1 0.9];
Im(i) = randsrc(1,1,[content;prob]);
elseif Sm(i) > 0
content = [-1 0]; prob=1[0.9 0.1];
Im(i) = randsrc(1,1,[content;prob]);
else
content = [-1 0 1]; prob =[0.05 0.9 0.05];
Im(i) = randsrc(1,1,[content;prob]);
end
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else
content = [-1 0 1]; prob=1[0.1 0.8 0.1];
Im(i) = randsrc(1,1,[content;prob]);
end

Sm(j) = Sm(i) + Im(i);

switch Sm(j)
case -2
Rsm=5;
case -1
Rsm = 10;
case 0
Rsm = 20;
case 1
Rsm = 10;
case 2
Rsm=35;
otherwise
Rsm = 0;
end
Reward0 = Rsm;
X =x-1;

end

if (Rewardl > Reward0) && (P(i)>0.4)
Warning(i) = 1;
Sh(j) =-1;
else
Warning(i) = 0;
ifSh()=-1  %MEHK
content = [-1 1]; prob =[0.95 0.05];
Sh(j) = randsrc(1,1,[content; prob]); % | — B ZI) RN 2R I Tl
else %o REEA 1)
content = [-1 1]; prob =[0.05 0.95];
Sh(j) = randsrc(1,1,[content; prob]); % F— I 2 R e
end
end
end
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