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Overview

We aim to train a reinforcement learning agent to perform better in
a mini-game called “Zombies” in Minecraft




KILL S MANY
cOMEIES HS WE CAN

GOAL

Kill as many zombies as we can !




Environment Setting

Zombie 30x30 Players

(Max. 2, respawn every 2 secs.) (Damage tolerance: 10s)

Platform: Malmo (Minecraft)

Tick Rate: 50 ms per tick (20 ticks/sec)
Regeneration: Natural regeneration is disabled
Difficulty: Normal (difficulty 1)




Related Work

Input Model

Visual Frame Resnet50 + DQN

Tou died!

Reward Function

Fiezspawn
Event Original (Baseline)
Title screen
Death -100
Damage attack +15
Damage Taken -4
Per Action Taken +0.05

Zombie Killed +150



Problems

1. Unstable Training Process
2. Model can not correctly locate the position of zombies

3. Accumulate rewards most of the time are negative



Problems

1. Unstable Training Process
0 Need more stable model - Double Dueling DON



Disadvantage of DON

. : . : 2
C(O) = Z {R(Z) + 7y max fo(s™ ad';07) — fou(s?, al?; @)}
i
Use the exact same network to choose action and evaluate it inside the max term

(1 Cause positively overestimate Q-value

Double DQN

1 Use two different networks to choose actions and evaluate choosing actions separately

¢(©) = Z [R(i) + 7fQ*<S(i+1), arg max for (5(”1), a'; @> ;@—) — 7o (S(i)’ al. @)r

?




Disadvantage of DON
C(0) = 3[R+ ymax fo (s, a;07) — fo(s,a;0)]

i
Only update specific action based on the state
[0 Can we find a more efficient and stable way that updates actions relative to the state?

Dueling DQN

[1 Use V(s) + A(s,a) = Q(s,a) where V(s) represent how good a state is and A(s,a)

represent how much better or worse each action is

fo(s,a) = fv<(s) + | fa:(s,a) A ZfA* s,a)




Problems

2. Model can not correctly locate the position of zombies

ORequire additional features to locate zombies



Model Architecture

Agent View

Double Dueling Deep Q-Learning (D3QN)

o Visual Processing (CNN Branch)
o Input Layer (Multi-Model Data)
c conv2D 32| |conv2D 64 °°{‘2"§D
Image Sequence i
e i e
T — R 4) + ReLU

- . Sensor Processing (MLP Branch)

X-Ray Vector
Sequence Dense 64 Dense 64/
(4,3) +ReLU +ReLU

Temporal Feature Fusion Dueling Network Heads
Pk
Concatenate LSTM Value Stream (V)

(Per Timestep) Layer Dense 128 -> Dense 1

512 Units Aggregahon Final Action
- =V+ Q-Values
(A- mea“(A)) (8 Actions)
Advantage Stream

sl =

Dense 128 -> Dense 1




Model

Input data
- visual sequence (4, 84, 112, 3).
- X-ray sequence (4, 3) Vector: [local_x, local_z, distance]

- 4 consecutive frames allow the model to infer trajectory information

Feature Extraction

- Visual Processing (CNN Branch)
- conv2D * 3 kernel(3,3), strides =1, channels=32, 64, 128.
- flatten + Dense 128

- Sensor Processing (MLP Branch)
- Dense 64 * 2




Model

Temporal Features Fusion

- Concatenate visual features and position features for each timestep
- LSTM 512 as Memory Unit

Dueling DQN Head

- Use Dense 128 -> Dense 1 as Value function
- Use Dense 128 -> Dense |A| as Advantage function

- Output = Value + (Advantage - mean(Advantage))




Problems

3. Accumulate rewards most of the time are negative

OPoor design of reward functions



Event

Death

Damage attack
Damage Taken
Per Action Taken
Zombie Killed
Survive (Per tick)
Aiming

Kiting Bonus
Missed Opportunity
Inactivity

Wall Penalty

Safe Attack Bonus

Reward Function

Original (Baseline)
-100

+15

-4

+0.05

+150

Ours

-400

+30

-10

+100

+0.1

+5

+0.5

Description
Terminal penalty
Reward for dealing damage

Per HP lost (Reduced from -50 to encourage trading blows)

Primary objective

If no damage taken

Zombie <= 15 degrees of the crosshair and <= 2.5 blocks)
If aiming at zombie while distance is b/w 3 and 6 blocks

< 2.5 blocks and attack is ready, but does NOT attack

If agent hasn't attacked for > 5 seconds

If facing a wall < 1.5 blocks

If agent attacks and doesn’t lose HP this step




Reward Mining Process - 1

Death penalty >> Multiple kills reward

Player will always tend to run away from zombies

Single kill reward >> Death penalty + Damage taken penalty

player will always attack zombies with maximum aggression without retreating




How To Solve?

Expectation of kills * single kill reward = - (Death penalty + Damage taken penalty)




Reward Mining Process - 2

The player cannot aim at zombies within the valid angle
and attack them within range




How To Solve?

Adding Aiming reward and Wall penalty to help model better aim at zombies




DEMO
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https://docs.google.com/file/d/1Ks4rxfbTtF2aDMUorJu2L_BCjMXkZZFT/preview

Performance Comparison

Avg Highest
Kill number Survival time Kill number Survival time
. 2 306.41s
Baseline 0.14 21.43s (episode 259) (episode 182)
Ours 9.52 81.95s 22 166.77s

(episode 21) (episode 3)




Result

Rewards

Rewards vs episodes
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Thank Youl!




