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Abstract

This report covers the three problem formulations from each team member,
they are the autonomous navigation problem, Weiss Schwarz card game
problem, and POANG Armchair problem. The autonomous navigation problem
was chosen for further studies. Optimization methods fmincon and genetic
algorithm are selected to solve the navigation problem. Results showed that
fmincon is faster but genetic algorithm provides better solutions.
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Introduction

Decision making can be difficult when there are multiple solutions to a problem,
nevertheless, optimal solutions can be identified that best suit the objective
through optimization. In order to obtain the best solution, formulating the
problem mathematically and correctly is a crucial step, in fact, majority of the
project time was spent on generating problem statement, collecting data,
defining design variables, identifying criteria to be optimized and identifying
constraints.

In this project, 3 problems are formulated with objective functions, design
variables and constraints, respectively. The first problem is to minimize total
distance travelled by a robot, in which the robot is to move from point (0,0)
to point (10,10) autonomously while avoiding obstacles. The second problem
is to maximize damage at center stage of the card game, Weiss Schwarz, for
the Psycho Pass deck. The third problem is to minimize materials cost in an
attempt to increase structural strength of POANG Armchair from IKEA by

building the leg chair out of composite materials using wood and steel.

For this project, the autonomous navigation problem is chosen for further
analysis since it has the most implications in the mechatronic engineering field.
Fmincon and genetic algorithm are selected as the optimization tool for
minimizing the distance of the navigation, results obtained from fmincon differ
based on the starting points, average value of the solutions is 15.3 whereas
solutions obtained from genetic algorithm have an average value of 14.9.
Nevertheless, the calculation time for fmincon is almost instant whereas for
genetic algorithm is about 2 minutes. Hence to obtain quick solutions knowing
the general navigation path, one can specify starting points to fmincon for
optimization. On the other hand, the shortest navigation route can be obtained
through genetic algorithm in compromise of long wait time.

Problem Formulation 1: Autonomous Navigation
Problem description

The most common problem in the field of autonomous navigation is obstacle
avoidance and planning navigation. Various algorithms are used to find solution
depending on the scenario, most common of which are iterative and exhaustive
algorithms which require large memory reserves to process all viable options to
present the most optimal path.

The goal for this project is to use optimization routines to decrease memory
consumption of navigation algorithms with computational cost, and assess the

2
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viability of the approach. The problem is a simplistic 2D planar navigation problem
in which the robot needs to move from one corner of a square area (0,0) to another
(10,10) while avoiding any obstacles; represented by grey circulars with varying
radii show in Figure 1: The Robot Shall Travel from Start Point (0,0) to End Point
(10,10) without Colliding into Obstacles Represented by the Grey Circles. The robot
would attempt to move between start and end point by following 4 way points. The
robot will move from way-point to way-point in a straight path while avoiding
crossing through any of the obstacles. The objective is to minimize the net distance
travelled from start to end point.

Autonomous Navigation Optimization with Fmincon

8 * optimized waypoints
= optimized path

unoptimized waypoints
8- ——— unoptimized path

q -

(6.9,5.3)
(2.0,5.0) (4.0,5.0) (7.05.0)

(2.8,4.0)

Figure 1: The Robot Shall Travel from Start Point (0,0) to End Point (10,10) without Colliding into Obstacles Represented by the
Grey Circles

Before presenting the problem in standard optimization objective form we will

discuss the functions and components required to describe the problem.

Variable selection

In order to realize the net travel distance from start to end point, x and y
coordinates for the 4 waypoints are selected as the design variables. Since the
waypoints should not coincide with the obstacles, location and radii of each
obstacle shall be identified for constraint variable formulation. Overall there are 8
design variables (4 waypoints) to be optimized. The design variable coordinates
below are extracted from Figure 1.

1) Design variables: Waypoints Coordinates (x;,y;),i = 1,2,3,4
3
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. (x1,y1) = (2,5)
. (x2,¥2) = (4.,5)
. (x3,¥3) = (7,5)
. (x4, y4) = (9,5)
2) Fixed parameters: Obstacle n centered at (x,, y,,) and radii r,,,n = 1,2,3,4
a. (xq,y,)=(7,8),r, =15
b. (x3,y,) = (4,3),1, =15
c. (x3,y3)=(27),r3=0.25
d. (x4,ys) =(8,2), 1, =0.25

O T QL

o

Connecting the starting and end point with the 4 waypoints forms the purple path
shown in Figure 1 above. This purple line has a net distance of 17.48-unit length; it
is not optimized but serve as the starting point for fmincon to evaluate a shorter
navigation route. In this case, the red line with way points (2.8,4), (4.1,4.7),
(6.9,5.3), (8,6) is found to the be local minimum with a net distance of 15.04-unit
length.

Obijective function formulation

In order to be energy efficient, the objective function for autonomous navigation is
to minimize the net distance required in travelling from start to end point through
4 waypoints. Mathematically, the objective function is formulated as

e—1
minimize f(x) = Z|(xl-,yi> Ko, Vie D)
i=1

where (x;,y;), are the waypoints including the end and start points,i =1 ...e,
(x;,y;) is the coordinate of the current waypoint, and (x;,4, y;+1) is the coordinate
of the next waypoint. In this report, 4 waypoints are implemented for study (e =
6), nevertheless; the number of waypoints can be adjusted in the code such that
more waypoints can be implemented in the navigation for smooth change in
direction.

Constraint formulation

In order to avoid the robot from hitting the obstacles, circle line intersection
formula from Wolfram MathWorld [1] as well as projection of vectors for
intercepts projected on vector along length of path are formulated for the
constraint.



MSE 426 Autonomous Navigation Optimization Project

no intersechon ane intersection wo intersections

(X2 ¥2)
_'. (X1, »1) (X5, V1)
(x,y) " . - . ‘.

Figure 2: Circle Line Intersection Illustration, courtesy to [1]

1) Circle line intersection [1]- length of robot path overlapping with an

obstacle, l(xil YisXi+1 Yi+1 X0 Yno T'n)

Given a certain obstacle and two adjacent waypoints, the function computes
the length of path interconnecting the waypoints overlapping with the circle.
A value of zero would indicate no collisions whereas higher values indicate
higher collision. The basis of the algorithm is defined as follows:

Given
(x;,¥:), and (x;41, Y;+1) as the adjacent waypoints
Obstacle n centered at (x,, ¥,,) and radii r;,
(c,y1) = (o y) - (s Vo)
(x2,¥2) = (Kis1, Vivr) (o Yn)

dy =%, X

dy =Y2 N
d, = /d,% + d32,
%1 X2
b= |)’1 J’2|

The discriminant
= 1,2d? D?
Determines incidence as

< 0, no intersection or tangential, thus overlapping length is O
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> (0, intersection

The points of intersection between line and circle are calculated as:

Dd,, + sign(d,)d,/r?d? D?
x =
d?

y:

Dd, *|dy,|{r2d? D2
di

And denoted as (xill yil)r (xiZ' in)

(X1, Y1)
-

V-1
\(xzd’z) V2-1 )
(xi2 Vi,

Viz—-1
Viz-1
x
(x1, 1) Vis

(X, Y
(x1,¥1)

Vit—1

Figure 3: projection of vectors for intercepts projected on vector along length of path

U=l lplfor0<1lyl, <d, | U= (i, ¥i2)  (xp,92)l, for0<lp <d,,andly = d,

Vo1 = (dy, dy)
Viier = (1, yi1) - (1, 01)
Viger = (X2, ¥i2) (X1, Y1)

And the projection of vectors for intercepts projected on vector along
length of path are given as:

Vo1 Vi
=g
Vo1 Vip g
=g

And overlap is found as follows
L=l lpl for0<ly,l; <d,

[ = |I/l'1_1|, for 0 < lil < dr, and liz <0
6
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2)

= (i yi2)  (x2,¥2)|,for0 <1y <d,,and l;; > d,
l = |Vip_ql|,for0 <1, <d,,andl;; <0
L= |(xi2,¥i2) (x2,¥2)],for0 <1, <d,,andl;; = d,

Otherwise both points intersect with the projection of line connecting the
waypoint but do not lie in the path between the waypoints and do not count
towards the overlap length.

Non Linear Constraint Function, g(x)

Standard formulation of optimization problems requires the definition of a
function which holds g(x) < 0 inequality true. Similar effect is achieved by
considering the length of overlap between the path and the obstacles as no
collision would reflect a value of 0 while more collisions would result in
value progressively larger than 0.

Given:
(x;,¥i), as the waypoints including the end and start points,i =1 ...e

(%, Yo 1), are the obstacles,n = 1...0
e—1 o

g(X) = Z z l(xil YirXi+1 Yi+ 1 Xn» ynlrn)

i=1n=1
Where,

X = (X2,Y2,X3,V3, --» Xe—1,Ye—1), IS the variable vector

Problem Formulation 2: Weiss Schwarz Card Game

Problem description

Weiss Schwarz is a collectable card game by Bushiroad. This card game is played
between 2 people; each player has a deck of 50 cards. The winning conditions of
Weiss Schwarz includes forcing the opponent to Level 4 or opposing player has no
cards left in hand and deck. Details on how to play the game can be found in Heart
of the Cards website [2]. In this problem formulation, the only the 50 cards (belongs



MSE 426 Autonomous Navigation Optimization Project

to one of the write) in Figure 4: Weiss Schwarz Psycho Pass Deck for Attack Power
Optimization at Level 3 will be taken into consideration for problem formulation.

T, -

Figure 4: Weiss Schwarz Psycho Pass Deck for Attack Power Optimization at Level 3

In general, the higher level the card the stronger the attack power, and the more
damage can be inflicted on the opponent so as to force the opponent to level up.
In Weiss Schwarz there are 3 types of card: character card, event card, and climax
card. Character cards are the damage dealer, whereas event and climax cards work
in combination to increase attack power of character cards. The objective is to
maximize the attack power of cards in hand so as to deal as much damage as you
can to the opponent.

Variable selection

Note from Figure 4 above all the cards have duplicates except one card. We have
36 distinct cards and the quantity of each kind of card shall be represented as the
design variables shown in the appendix. Context and images in the appendix are
referenced from Heart of the Cards translation page [3].

1) Design variables: quantity of each kind of card
a. x;,1=1,..,36
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Objective function formulation

Since the objective is to maximize the attack power of cards in hand, we need to
look at the souls of each character card, the combination effects of climax and
event cards, as well as the trigger effect of each card.

1) Average attack power from character souls:
Savg = 0 (Xo1 + X2 + Xo3 + X4 + 2Xg5 + X6 + Xo7 + Xog + Xg9 + X1

+ X114+ X2 + X413 + X4 + X145 + X1 T+ X17 + X18 T X19 + X33
+ Xou + Xos + Xo + 2X07 + Xog + Xp9 + X309 + X351 + 2X33)
2) Average souls at center stage:
Ses = CS X Sgpg
3) Average souls from trigger:

Strigger = 1B (X03 + Xo4 + Xo5 + X17 + X158 + X190 + X0 + 2X31 + 2,

+ X7 + X35 + X33 + X35 + X36)
4) Average souls from climax:

1
Sclimax = 1B [CS(x20) + x31 + CS(x33) + CS(x35) + x36]

minimize f(x;) = (Scs X Strigger X Sctimax ), = 1,...,36

The objective function is taking into account the average attack power of the
whole deck, the average attack power from the trigger and the average attack
power from climax. Multiplying the product of the 3 sources of attack power
(souls). We can then formulate the problem mathematically as a function of
quantity of each kind of card.

Constraint formulation
Weiss Schwarz has limitations on the total number of cards in a deck, total number
of climax card in a deck and some recommendation for first time card builder. Both
the limitations and recommendations from Weiss Schwarz wiki [4] are translated
into constraints below.

1) Number of cards in a deck =50
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36

gl:in =50

i=1

2) Number of cards at center stage = CS, a player can have up to 3 cards at the
center stage to attack:

g,:0<CS<3

3) Number of cards in library (deck) = LB, maximum number of card in library
is 47 since we have 3 cards in level zone:

g3:0 < LB <47

4) Each card can only have up to 4 duplicates:
94,:0<x;<4,i=1,...,36
5) Recommended Maximum Number of Level O Cards:
95:0 < Xxo1 + Xp6 + Xg7 + Xgg + Xg9 + X109 + X11 + X3 + Xg4 + X35 + X9 < 18
6) Recommended Number of Level 1 Cards:
Jo: 2 < Xgp + X153 + X193 + X154 + X415 + X1 + X35 + X6 + X3¢ + X317 < 14
7) Recommended Number of Level 2 Cards:
9717 < Xg3 + Xg4 + X17 + X158 + X109 + X35 + X33 + X34 < 14
8) Recommended Number of Level 3 Cards:
gs:3 < Xgs +x37 <7

9) Recommended Number for Climax Cards:

o' Xo0 + X1 + X35 + X35 + X34 = 8

10
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Problem Formulation 3: POANG Armchair
Problem description

Figure 5: POANG Armchair cushion, Robust Glose off-white, courtesy to [5]

We have this nice fancy chair that’s selling quite well in Europe from IKEA [5].
Therefore, management has decided they’d like to start selling this in North
America, namely the United States, believing that the chair would meet the same
amount of success. However, the first few months since the start of sales in North
America have produced nothing but alarming reports of chairs snapping or
breaking due to overweight or grossly obese people taking undue liberties with the
chair. Thus, the task has fallen to your engineering department to re-engineer the
chair to withstand heavier loads while maintaining the same outer aesthetics.

The engineering manager has magically arrived to the conclusion that embedding
a length of curved metal shown in Figure 7 into the legs is the best solution to
strengthening the legs of the chair without ruining the outer aesthetics. Feeling

11
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particularly please at his “ingenious” solution, your engineering manager has now
passed the project down to you, the engineering department grunt worker, coop
student, to complete the task of ensuring the damn reinforcement actually works
as the engineering manager intends.

Therefore, the cross section of the chair will look approximately like Figure 6 below.
We’'ll assume that the materials wood and steel are used to simplify the problem.
WEe’'ll also simplify the geometry of the chair legs in Figure 7.

Wood

Steel

Figure 6: Cross Sectional View of the Chair Legs

P

L R

Figure 7: Simplified Geomotry of Chair Legs — Side View

B
:

B
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Objective function formulation

We want to be able to minimize cost of materials used. Using the price ratio of
wood(pine) vs steel [6] is used in the objective function. Therefore, the objective
function will look like the following in which the design variables are described in

the section below:

min f(x) = (4 ;w, + [( 2+ Dwy owa]) L

W1

hi

ha W2

Figure 8: Cross Section Area of Chair Leg, 1, w; are the Dimensions for Wood Portion whereas , and w, are for Steel Portion

Design Variable selection
Since the legs of the chair essentially consists of two curved beams, the design
variables can be chosen as such

1 =t ickness of wood beam
w; = widt of wood beam
, =t ickness of steel beam
w, = widt of steel beam

L =lengt of c airlegs

13
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Constraint formulation

In order to ensure that the chair legs are capable of supporting a certain limit on
the minimum amount of mass, we’ll place some constraints on the geometry of the
chair.

Given Hooke’s Law for stresses in curved beams [6]:
0gp = Eegg = EW(Tn 1)

We can derive the equation for hoop stress. This will allow us to calculate what kind
of force a curved beam can endure.

_N, M@ 1Ay
%6 = AT A (RA, A)

Using the equation for hoop stress, we can write the force requirement as follows

000wood O00fsteel
1 + <N
( ) [A—l : (100+Yw00d)(Awood—TAmwood) ] [A—l : (100+Y5teel) (Asteel~TAmsteel)
wood (Awood)T(RwoodAmwood—Awood) steel (Asteel)T(RsteelAmsteel=Asteel)

The following equations are used in the above constraint, to simplify presentation:

Awooa = 1W1 2W2
Asteet = 2W2
100 + { + ,
Rwood =f
100 + ,
steel =T
100+ 4+ ,

Amwooa = ( 1+ Z)ln[ 100

100+ ,
Amsteer = ( Z)In[W]

_[ W1 (71‘*‘ 2)+ Wz wi)( 2) (72)]
Ywood = [C 1+ 2)wi]

14
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2
Ysteel = 7

N = 2501lbs = ~1200N
090wood — ~40 MPa

OgQsteel — ~505 MPa

We’ll also place a constraint on the minimum length of the chair leg.

(2) 400< L
The thicknesses of the two materials should not exceed these values.

(3) 0< ; <25mm
(4) 0< , <20mm

The width of the chair legs should not exceed 50 mm, and the width of the steel
bar should not exceed the width of the wooden chair. Additionally, since we want
wood to be the primary cosmetic material, we will also place a minimum limit on
its width.

(5) 30mm < w; <50mm
6) 0<w, <wy

Optimization Method Selection

Various optimization functions are available in MATLAB, however each
optimization function have its pros and cons. Three main optimization
methods were introduced in the MSE 426 optimization labs, they were fminocn,
genetic algorithm and Oasis. The writers chose fmincon and genetic
algorithm to optimize the autonomous navigation problem due to ease of
accessibility of the two methods in MATLAB. Moreover, the former provides
local minimums whereas the latter attempts for solve for global optimum.
Results obtained and post-simulation analysis will be discussed in the following
section in details.

Solutions and Results Analysis

Running fmincon to solve the autonomous navigation problem generates results
shown in Figure 9: Solving Autonomous Navigation using Fmincon — Lower Path
Example and Figure 10: Solving Autonomous Navigation using Fmincon —Upper

15
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Path Example. Note there are a purple line and a red line show in each figure. The
purple line is the un-optimized navigation route, the initial guesses of the
waypoints are fed into fmincon as the starting point; these 4 waypoints are linked
together with the start and end point to form the purple path.

On the other hand, the red line is the optimized navigation route, 4 waypoints are
outputted from fmincon and it is evident that the net distance of the purple line is
longer than that of the red line.

Autonomeous Navigation Optimization with Fmincon

* optimized waypoints

. ——— optimized path
unoptimized waypoints

—— unoplimized path

d O

(2.0,2.0)

Figure 9: Solving Autonomous Navigation using Fmincon — Lower Path Example

16
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Autonomous Navigation Optimization with Fmincon

(100,10.0)

(5.0,10.0) 8.0,70.0)
(7.8,96)
(5.6,9.
*  oplimized waypoints
s ptimized path
- unoptimized waypoints
> 5 unoplimized path
(07.4.8)
A
3l
1 @
=
0 Yooy | ! | I | ! | | |
0 1 2 3 4 6 T a 9 10

Figure 10: Solving Autonomous Navigation using Fmincon —Upper Path Example

The navigation path was also optimized by genetic algorithm (GA) in an attempt to
find the global optimum, in other words, the travel route with the shortest net

distance while avoiding all the obstacles. Figure 11

Solving Autonomous

Navigation using Genetic Algorithm is one of the optimum obtained using GA.

09

0s

o7

08

0.4

0.3

0.2

01

Autonomous Navigation Optimization with Genetic Algorithm

06,0.9)

5.0.8)

4,0.6)

3,0.5)

0,0.0) | I | I | | I | I

01 02 03 04 0.5 06 07 08 08

Figure 11 : Solving Autonomous Navigation using Genetic Algorithm
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Comparing the two algorithms, we see that in Table 1: Fmincon Starting Points,
Optimum Obtained, Number of Iterations, Function Evaluations, Function Values
and Average Function Values and Table 2: Genetic Algorithm Starting Points,
Optimum Obtained, Number of Iterations, Function Evaluations, Function Values
and Average Function Values; in terms of the optimized function values, fmincon
and GA are similar, however comparing the average function value, fmincon has
mean navigation distance of 15.35-unit length whereas GA has a mean of 14.89-
unit length.

Although both algorithm converge, calculation time for fmincon is instant whereas
GA has a long wait time of 2 minutes per run. The algorithm selection depends on
the need of the users; if there is a general path that the robot can follow, input the
4 waypoints as initial guess into fmincon for obtaining a quick solution. If
computation time is not a concern, utilize GA to solve for a shorter path instead.

Table 1: Fmincon Starting Points, Optimum Obtained, Number of Iterations, Function Evaluations, Function Values and Average
Function Values

Fmincon
Starting Point Optimum Obtained No. of No. | Fval
Iterations | of
Func
Eval
(2,2), (6,0), (9,0), (2.6,0.5), (4.9,1.8), 16 242 | 14.98
(10,10) (5.1,1.9), (9.6,9.4)
(0,6), (2,9), (5,10),(8,10) | (0.7,4.8), (3.2,7.5), (5.6, 13 216 |16.02
9.4), (7.8,9.6)
(2,5), (4,5), (7,5), (9,5) (2.8,4),(4.1,4.7), (6.9, 5.3), | 20 326 |15.04
(8,6)
15.35

18
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Table 2: Genetic Algorithm Starting Points, Optimum Obtained, Number of Iterations, Function Evaluations, Function Values and
Average Function Values

GA
Optimum Obtained Generations | Funccount | Fval
(3,4.9), (3.8,4.9), (4.8,7.8),(6.2,9.4) | 6 79400 15.11
(5,1.7), (6.9,4.7), (7, 5), (7.2,5.4) 6 62600 14.94
(3.2,4.5),(4.6,5.1), (4.9,5.2), (8,6.8) | 6 69800 14.62
14.89

Conclusion

In this project, 3 problems were formulated with objective functions, design
variables and constraints, respectively. The first problem was to minimize total
distance travelled by a robot, in which the robot is to move from start to end
autonomously while avoiding obstacles. The second problem was to maximize
damage at center stage of the card game, Weiss Schwarz, for the Psycho Pass
deck. The third problem was to minimize materials cost in an attempt to
increase structural strength of POANG Armchair from IKEA by building the leg

chair out of composite materials with wood and steel.

The autonomous navigation problem was chosen for further studies since it
has a lot of applications in the mechatronic engineering field. Fmincon and
genetic algorithm were utilized for minimizing the distance of the navigation.
Results obtained from fmincon differ based on the starting points, average
value of the solutions was 15.3 whereas solutions obtained from genetic
algorithm had an average value of 14.9. Nevertheless, the calculation time
for fmincon was instant whereas for genetic algorithm was about 2 minutes.
Hence to obtain quick solutions knowing the general navigation path, one
could specify starting points to fmincon for optimization. On the other hand,
the shortest navigation route can be obtained through genetic algorithm in
compromise of wait time.

Appendix

For MATLAB code please refer to the attached zip file

Context and Images for the Weiss Schwarz Card Game Problem are
referenced from Heart of the Cards [3]

19
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Encounter” is placed in the

Clmax Zone, you may pay cost, If so, choose a

Psycho-  Public "Shinya Kougami” in your Waiting

Criminal® MR L3 2 1 3500 1 Soul

e Pass Salety Rowom and pul it in the Slol this was in.
Kougami 5] [Rest this] Choose 1 of your Opponent's
Level 3 or higher Characters. Thal
Character gains "[A] When this becomes
Reversed in Battle, Send this to Memory"
for the turn.

[C] This cannot be chosen as target of
Opponent’s effects.
[C] ASSIST Characters in front of this gain +X
Akane Public Power, where X = 500 times Level
Teunemor #{5F % 13 2 1 A500 1 Safaty Weapon  Soul of that Character.
i [A] When "Chosen Existence® is placed in your
Chimax Fone, choose 1 of your
Characters, and that Character gains 43000
Power for the turn.

[ ] This gains 43 Power, where X = 500 timos
Level of the Character
Opposite this.
[T ] If you have 1 or fewer other ::Public
Safety:: Character, this does not

Soul Stand during your Stand Phase.
[A] When this is placed from hand to the Stage
of via the [A] effect of
*Latent Criminal® Kougami 1o the Stage, you
may pul the top card of your
Chock in the Waiing Room_

 Psycho-  Public

Shinya
ek ot R 3 2 L6000 etk Safely

Kougami

[C1TF this & on the Stage, this gains < :Psycho-
Nobuchika " Public s8:1
Ginozn  TLEE f#E C o 0 000 L gafety ~ Glamses  None [C1 ASSIST All your Characters in front of this

gain +500 Power.

"Lemonad €5 F HA— [A] When this becomes Reversed, if The Level of

L1 S - the: Battie Opponent is 0
:;&.‘:.Tv -45;/?4 & # . 200 4 Safety Amtax o or lower, you may Reverse that Character.

[A] When this & placed from hand to the Stage,
choose 1 of your other

None Charac That Character gains +1 Level and
+1000 Power for the urn.

Yayol

1 Psycho- Public
Kuntzuka

Pass Safety

R e C o o 2000

[5] BRAINSTORM [(1)] Flip over the top 4 cards g
of your Livary and pul
them in the Wailing Room. For each Climax card
Shion revealed this way, perform the
3 Public — following action once: "Search your Library for
Kinnlnlnlln RH: Rl C o a 2000 1 Safety Science Mone up to 1 ::Public Safety::
d Character, reveal it, and put it in your hand,
then discard a card from hand to
the Walting Room . Shuffle your Library *
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Power for the lurm,

tithe [E]| » tithe [1] ~ rari « & powar | - sou - traitl | . ta? . trigger . effect - - Oty
. [C] If you have no other Characters in the Front
Kougami, . Paycho-  Public .
Enforcar ATE P C 2500 L pass Saloly MNone Row, this gaing 11500 x10
"Hou: 2
sy Fh Peycho-  Public
three” C 3000 None None x11
e i e Pass Safety
[A] When this is placed from hand to the Stage,
Kougami b L-—= . this gaina 4 X Power for
During ShmiR C 5000 1 ::::':"" 2:"':: None the turn, where X = 1000 times Level of your x12
Training  © PRI Opponent.
[5] [{1)] This gaing 42500 Power for the turn. At
Shuusel Psycho-  Public the end of the turmn,
Kagars WEE 3000 1 pags safety  M°™  Send this to Memory. 25
K ami, [C] This cannot Side Attack.
e 3yimuiblic [AT [{1}] When this attacks, If "Unit One of the
wias y . Public Safety Bureau's
Ao BE-OW o 5500 iF¥petic= Utk None Criminal Investigation Division® is In the Chimax %14
Towards (4 2w Ll Bally Zone, you may pay cost. If
::"""'m"' 50, choose o Characler in your Wailing Room
and return it to your hand.
Akane [C] If you have 2 or more other ;:Public
¥ B E L Public Safety:: Characters, this gains
Talent for c 6500 1 Weapon  None x15
Inspector OV & Safety +1000 Power.
;:“c’:"""' [€] No player may use BACKUP from hand
b N E LG L . . Paycho- Public during bal >
when e gw  C 2000 Pass safety "™ Character. x16
Inspector
[5] [Counter] BACKUP 3000, Level 2 [{1)
Tomomi z Paycho- Public Driscard this card from hand to
Masaoka U WO C 2900 1 pass satety ' the waiting Room] X1F
Kougami, . [A] When your other :1Public Safety:: Character
FEREE Paycho- Public }
ﬁ:::r‘h it © 8000 S Safely Soul attacks, this gains +1000 x18
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tithe [E]| » tithe [1]  rari « lov « : & power | - sou - traitl | . trait2 . igger . effoct
Kougami, [C] TF you bave no other Characters with
Bouquet BN 2 2 9500 3 PEycho- 2“?.-: Soul 'l:llfnnnu: in name, this gains the following
of Roses Pass Satuly abily."[C]
This cannol Front Attack™.
Chosen T i [€] All your Characters gain +1000 Power and
Exlatence 7§ R a 0 a 0 None Nona Salvage +1 Soul
[A] When this is placed from hand to the Climax
Zone, draw a card, and
?I:‘::_'Ir gm' < o o o 0 None None 2 Souls  choose 1 of your C . and that Ch;
ks 3 gains #2000 Power and 41 Soul
for the turn.
Unit One
of the
Public
Safuty
Bureau's SR L o} 1] 1] o 0 None None 2 Spuls  [C] All your Characters gain 42 Soul.
Criminal *—
Investigat
ion
Division
[A] [(1) Put the top card of your Library in
Clock] When this is placed
Makishim ’ from hand to the Stage, you may pay cost. If se,
a, Cokl ?%&‘ﬂ* n 1] 1] 1004 1 ::::h"— Book None search your Ubrary for up to
G = 2 1 Level 2 or higher Character, reveal it, and put
it in your hand. Shulfle your
Library.
"Smile of [C ] This cannot be chosen as target of
Saint” AT Paycho- Opponent's effects.
Makishim 185 L om0 pess Hook Nan® [C] AN your other ::Psycho-Pass:: Characters
a gain +500 Power.
[A] When you use the BACKUP of this, it you
have 2 or more
::Paycho-Pass: : Charaders, choose 1 of your
Che Fx o Payeho- C ., and that ©
Guzon > r 1 9 #000 Pass fat gains + 1000 Power for the turn.
[5] [Countar] BACKUP 1000, Level 1 [Discard
this card from hand to the Walting
Room]
[A] [Discard 8 card from hand to the Waiting
"Criminall Room] When "Unpunisha ble
¥ Crime" is placed in your Climax Zone, you may
Asympto  “OSEEE Paycho- pay cost. If so, search your
matkc" R R : 1 5300 1 pass Book Nore, Ubrary for up to 1 ::Psycho-Pass:: Character,
Makishim reveal it, and put it in your
a hand. Shuffle your Library.
L | FOf e8ch olner :FsSycno-rass:: Cnarscen
you have, thiz gains +500
Power.
[A] When this is placed from hand o the Stage
of via CHANGE lo the Stage, draw
Shungo up o 2 cards and discard a card from hand to
Paycho the Waiting Room.
:“k!‘h"" s =l R A = PG 3 Pass Bnok Seut [A] [Discard a card from hand to the Waiting

Room] When "Confronted Two" is

placed in your Climax Zone, if this ks in the Front
Row, you may pay cost. If

z0, choose 1 of your Dpponent's Cost 1 or lower
Characters and put it on bottom

LTI

x24

x25

x26
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tithe [E] . title [1] | . rarf . bey o :: power . sou . baltl | . bait2 . igger . effect - - Quy
Makishim 5] BRAINSTORM [(1) Rest this] Hip over the top
a1, Refined @E@ss P 4 cards of your Library ’
Inteligenc fhf=dE  C o o0 2000 1 YL Book None and put them in the Waiting Room. For each x28
e 100 b Climax card revealed this way, draw
up o 1 card.
Makishim
a, Paycho-
Mystariou #oW fk C o o 3000 1 s Book None None ®29
= Man
[A] CHANGE [{4) Discard a Climax card from
el bo the Waiting Room, Put
this in the Wailing Room] AL the start of your
“' Fnlclnhin Draw Phase, you may pay cost. If
» , choose 1 "Shuugo Makishima® in your
Resistanc LR~ Paycho i .
o T s @F I“'HSL’ 1 o 4000 1, Book None mﬁ;;:zomnrﬂmrllh&em *30
:'he trolli [5] [Rest 2 of your Characters] Choose 1 of
?uclely your ::Psycho-Pass:: Characters,
o5 and that Character gains + 1000 Power until the
next end of your Opponent’s Luemn.
Makishim OB Paycho- [A] ENCORE [Put the top card of your Library in
a, A Rose B g 11 esen 1. Beok Nene opaq 2
Makishim
a
= . SR Paycho " [C] If you have 5 or more cards in your hand,
Undercov prp e © 2 1 BOOO ity Teacher  Soul this: gains +1000 Power. x32
ar as Art
Teacher
Makishim
R 5 Paycho- [A] ENCORE [Put the top card of your Library in
a, Deap (5] 2 3 9500 2 Book Soul x33
Forasight 2eh Pass Clock]
You may choose 1 of your Characters on Stage
whose Level is equal to or
lower than your Level and put it in the Walting
a ‘, Room. If so, search your
:"‘:e ;_""29*/ c 2 a0 o 0 None None Nore Library for up to 1 Character whose Level is the x34
W o same as the Character send to
Wailing Room this way and put it in any Slol on
the Stage. Shulfle your Library
Confronte SFd 5 3. " ] All your Characters gain 41000 Power and
d Two =n R [} ] 0 Nore Nonae Door +1 Soul %35
LA] When this is placed from hamd o e Climax
Zone, draw a card, and
wm: @it [ ] o 0 None Norne 2 Souls  choose 1 of your C ard that Ch 1

gains 12000 Power and + 1 Soul
For the tum.
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