Design Sandbox:
Analog vs. Digital Systems
for Action Games
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Hello I'm Greg Peng

*Principal Sandbox Designer at Bungie
*\Weapons Feature Lead

BUNGIE






PREAMBLE

Let’s start by contextualizing
Analog and Digital for
interaction design



Our Definition of Digital
Input & Systems

* Discrete and easy to perceive the
differences between
* Small/medium/large, off/on

* 3 is a magical design number
* Easy to remember, human brains like 3

* Input: single button press
 Why Digital?

* Easier to perform

e Easier to understand
* Easier to repeat exactly
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Our Definition of Analog
Input & Systems

* Enough fidelity where human
perception can’t separate between
adjacent steps

* j.e. 0-255 is basically continous
* Floating point numbers

* Input: Analog Sticks, Mouse
* Lots of data, requires precision

 Why Analog?

* More data to divine intention, lending to
improved player expression

* Can represent more complex systems / be
used to simulate reality
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Awkward Middle Ground

e ~¥6-15 states

e Harder to feel the difference between each state

* But also lose the squishiness of analog
representation

 Worst of both worlds?
 Gradings Systems (A+ = F-) S _ - —

90

* People argue about grading systems and
what they really represent

° on Pat|e nt S u rvey ACC ura Cy Name Objective: Objective: Objective: Objective:
Create a thesis | Create topic | Organize ideas Identify
statement sentences evidence
C 5 pt Sca I e mO re a CCU rate th a n 10 oe Not proficient | Partially Partially | Partially

proficient proficient proficient

Proficient | Proficient

Partially Proficient Proficient Proficient
proficient |
Partially Advanced Advanced
proficient
dge



https://pubmed.ncbi.nlm.nih.gov/20566267
https://www.theatlantic.com/education/archive/2014/03/letter-grades-deserve-an-f/284372/

Bungie action games are known
for their deep simulation and
expressiveness.

So let’s just make every system
we can analog, right? | NOPE



Choose tools carefully

* Analogy: Paintbrush vs Pen

* Inherently, paintbrush allows fine
control of line width through
modifying pressure, angle, speed

* Pen is gonna pen, clean fixed line
width
* Way more effort on user to learn how
to use a paintbrush
* More work to become proficient
* More effort to use in the moment







Coverage

How do you generate
complexity from
what is simple?

How do you simplify
what is complex?

How do you evaluate Why does
what you’ve expressiveness
created? matter?




Conversion A-D

Analog to Digital Conversion (ADC)

How do you simplity
what is complex?

Concepts at a
mechanical/computational scale that
we are applying to a human perception
& cognition scale

Let’s look at an analog continuous
system that is simplified for the player
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ADC in action: Destiny Health Bar

* Doesn’t matter how precise your health is, all you care about is whether dead or not

* We added shield break as another state to warn you even though really doesn’t change
anything gameplay wise.

» Health Ul representation scaled down so player has more health than they think
* Creates a chance to react, a reason to care



ADC: Analog Input That Uses Digital Thresholds to Aid

Inner Dead Zone

Analog Walk->Run



Analog Input That Uses Digital States to Aid

Directional
Dead Zone

Strafe Movement (for Shooters)
* Very often a player wants to move precisely in relation to
the current camera view: WASD

 For this movement model we have dead zones in the
cardinal directions

* Not the best for 3d platformers
* Physical implementation: 8-way gate




Conversion D-A

Digital to Analog Conversion (DAC)

How do you generate
complexity from what
is simple?

Let’s take a digital input and
create analog simulation from
it



BUT FIRST
A quick primer on HC




LONG-TERM MEMORY
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WORKING MEMORY

VISUAL IMAGE AUDITORY IMAGE

Sym = T |5~226] sec
Syis = 200 [70~1000 | msec | 1500 [900~3500 | msec

pygs = 17 [7~17 | letters 5 |4.4~6.2 | letters
xyis = Physical Physical

Swm (3 chunks) = 7 |5~34 | sec

iwm = 3 |2.5~4.1 | chunks
STORE STORE uwm* =7 |5~9] chunks

Swm (1 chunk) = 73 |73~226 | sec

Acoustic or Visual
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Parameter Mean
Eye movement time 230 ms
Decay half-life of visual image storage 200 ms
Visual Capacity 17 letters
Decay half-life of auditory storage 1500 ms
Auditory Capacity 5 letters
Perceptual processor cycle time 100 ms
Cognitive processor cycle time 70 ms
Motor processor cycle time 70 ms
Effective working memory capacity 7 chunks
Pure working memory capacity 3 chunks
Decay half-life of working memory 7 sec
Decay half-life of 1 chunk working memory | 73 sec

Decay half-life of 3 chunks working memory | 7 sec

Range
70700 ms
90—1000 ms
717 letters
90-3500 ms
44672 letters
50200 ms
25170 ms
30100 ms
5-9 chunks
2.5-4.2 chunks
5-226 sec
T3-226 sec

5-34 sec




Low Level Cognitive Loop for Action Games
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SELECT START

With this model in
mind, let’s evaluate a
simple motion model

on a 100% digital
controller




Mario Movement

o e Continuous input to drive
movement

* Polling input every 17ms
* (but on average we only correct every 240ms)

* Jump Height determined by how long you hold
down A button to up to apex

* Momentum accumulating on left/right on d-pad,
different ground vs air

* Speed modifier on B button

* As you press buttons over time, all of
these things stack and combine in very
interesting ways

’ﬁr-l__"[;'l'[*h 'h‘- "h- Py _P~f I~ l"\-?h'--AIH-‘
US VS VR YN YiNa Uity



This binary

Number...

This binary

Number...

Ae=
Sk X X
C=0=o
PEX X
E e
Fee=o
G==90
=KXXX.
X

Binary to Decimal
- 1 1 1 1 1 1 1 1 Eglcliila?:flmber

128+64 + 32+ 16+

.10 O 10 1 0 1

+ 2+ 1 =255

Equals this
decimal number

DAC: Input Layering

* Everything is binary (on/off), but the
combination of various binary states over
time can result in a very analog feeling
output

* Binary representations of multiple states,
like Binary Numbers or Morse Code — are
sequential

* |s the very nature of continuous digital
input a sort of DAC?

e Button timing is an inherently analog axis
that is binding everything together!



Well sort of! It depends
on what we're
converting to.

If the entirety of morse
code only mapped to

the letter A, that’s kind
of a DAD.

The expressive output
complexity matters!




How do you evaluate what you’ve created?

Let’s build a quick
compare and quar

tify |

and expressiveness!

neurl

stic model to

nput complexity



* Think of what is affecting an action as a function of simultaneous input

* Don’t need to measure each loop of motor—> perception—>cognition in
milliseconds in a human processor model

* Maybe more useful to think about it more abstractly and in relative terms
* Analoginput (A) generally takes more load than a simple digital (D) action







Output
Expressiveness
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nput:
Donkey Kong
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Output:
Donkey Kong
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Applied Case
Studies: Destiny
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Weapon Selection
1: Kinetic Weapon
2: Energy Weapon
3: Power Weapon

Tab
Summon Ghost

WASD
Movement

Shift (Toggle)
Sprint

Ctd
Crouch/Slide

F1 Q
Character Menu Grenade

E R Mouse Wheel
Interact Reload Weapon Switch Weapon

—— RS

—

Analog to Digital to
Analog:
Destiny PC Controls

The first versions of keyboard/mouse had instant velocity switching on
WASD (the general convention for a lot of PC games)

But Sandbox wanted movement to still have some analog feel, retain

sense of momentum with increased but not instant directional
acceleration



Keyboard
nput Model




Keyboard V1 Output
DYICESIERESS
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Keyboard V2 Output
Expressiveness




Controller

X Dark Uncle:X'is near
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e - '- ""’ One double edged

; \\\

sword of velocity
accumulation, is that
when left uncapped you
can kill yourself in a
a very long corridor.

-

N/ | Thisis atechnique our
: - playerbase has named
Titan Skating. We have

since capped it.



Advanced Case
Studies
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. Won't that be really hard to process?
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Impulse Properties

ADC
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input




iny Bow Archetype

The Dest







Wait let’s simplify again!
ADC (charge time -> damage)
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Opt-in Expressiveness

100% (hit)
100% (hit)
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What if bow damage
was more analog?

 Would there be more reason to use the in
between states?

 More amorphous success state, more to learn
and master

* In theory interesting -could | visually gauge
how much health my opponent has and
shortcut TTK slightly?

* Unlikely unless | am a savant
* Also harder to balance average case of
efficacy, especially in PvP
* Make the decision as a designer
e Which skills | want the player to master
* Success criteria for those skills

@M weapon_charge_fraction |




* This would also steepen the

learning curve for a

W h at weapon that is already a bit
. more complex than the
AbO Ut . everyday weapon

Player |
* Base shoot to fire weapon
ACCG pta Nce input (auto rifle)




EFFORT vs EFFICACY

* How much does this fight
against a player’s natural
tendency for optimizing for
efficiency?

e Players won’t pay 150% effort for
115% benefit

e Sometimes not even a 150%
effort for a 150% benefit

 How powerful does this
weapon need to be to
compensate for that?



Why does
expressiveness
matter?




Sandbox Values

Sandbox at Bungie
strives to make the Mechanical execution
best action experience of power fantasy.
in videogames.

Mastery and self- Universal consistency
expression. in a shared world.

The controller falls
away.

Believable fantasies.

Content is
communication.

Ingredients are
stronger than recipes.




There are things to learn and master in this
world. Repetition and practice result in
improvements to execution.

Immersive gameplay with tight feedback
that prioritizes player intent leads to
growth and mastery.

Growth and mastery lead to self-
expression. The game gives all players the
same tools, and players find their own
style.

When | can express myself through
gameplay | feel like | am a living part of the
imagined world.



Expressiveness Fosters Innovation

RIRA ﬁ:

Same energy lol
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Thanks for listening!

Go forth and make more
expressive games!

Also please join my team!
Looking for: Art Director, Gameplay
Engineer, User Researcher, and more!
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BUNGIE

1S HIRING

e

GDCEVENT@BUNGIE.COM
#WEAREBUNGIE
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SCAN TO
LEARN MORE




* Claude Jerome @Claude_Jerome
* Presenter, Advanced Game Feel, GDOC

e https://www.youtube.com/watch?v=EABa8X3|EPM&feature=emb
logo

* Steve Swink
* Author, Game Feel: A Guide to Virtual Sensation

e https://www.amazon.com/Game-Feel-Designers-Sensation-
Kaufmann/dp/0123743281/ref=sr 1 2?dchild=1&keywords=game
+feel&qid=1609877134&sr=8-2

[ [
Grant Mackay @GrantGMackay
* Feature lead on on Destiny PC SKU

¢ Jon Weisnewski @sharkeatsman

* Original wording on Sandbox Pillars

Human Processor Model
* https://en.wikipedia.org/wiki/Human processor model

* Games Referenced in order of appearance
* DevilMayCry 4
* Super Mario 64

* Super Mario Bros

* Donkey Kong

* Quake 3 Arena

* Super Mario World


https://www.youtube.com/watch?v=EABa8X3lEPM&feature=emb_logo
https://www.amazon.com/Game-Feel-Designers-Sensation-Kaufmann/dp/0123743281/ref=sr_1_2?dchild=1&keywords=game+feel&qid=1609877134&sr=8-2
https://en.wikipedia.org/wiki/Human_processor_model

