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Design of an enterprise manufacturing data analytics tool
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Team & the project

Team (Manufacturing Software Systems)
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Program managers &
test engineers
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THE PROBLEM

What led to pursuing this project?

Huge amount of complex manufacturing data
that gets generated during mass production of
Google products at the factory. It was crucial to
explore and understand the patterns in data

but it presented challenges in terms of:

e Datainconsistencies
e |nefficient access modes

e Data security barriers

Use of several google sheets & visualization tools (JMP, tableau)

B @ ~ b it MOERH =

Auto-reloading results with way too many dropdown filters

Build phase - Mode - Factory name - Test name v Station - Station ID -
Phase name - Measurement name - Device IDs - ERS - Line - Line ID -
Line type - SCOF - Live data - Device config -

Test name Station name Station ID Phase name Measurement name Device config
New func-screen FATP-01 FATP-01-034838 LED-Test-01 LED-Test-01-sample-meas01 FATP-Dev01
New func-screen FATP-02 FATP-02-939499 Heat-test-039 Heat-test-039-sample-meas-02  FATP-Dev02
New func-screen FATP-01 FATP-01-034838 LED-Test-01 LED-Test-01-sample-meas01 FATP-Dev01
New func-screen FATP-02 FATP-02-939499 H 039 H

"
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02

FATP-Dev02



Research findings



KEY INSIGHTS

Lack of consistent data
specifications

As new cross functional teams collaborated, there
were different tools in use for similar needs.
Diverse data definition and specifications often

caused teams to conflicting scenarios.

“During reporting, | aggregate all the
build data but the tool from the Logistics
team does not follow the data
specification we use internally in team..
It's always challenging... ”



KEY INSIGHTS

Data intensive & engineering
centric experience is not always
preferred

“It's essential to have details ongoing top
issues a click away... but | end up having
to contact several team members to

Most senior executives and product managers . S ”
compile these insights..

preferred glanceable content with primary issues,
yield trends than data-busy and complex

visualizations.



KEY INSIGHTS

Fragmented experience to
answer feature-based questions

“It's hard to create these complex
! ! ik ! queries and it is challenging for me
While users frame queries based using ‘if ... else ... ., everytime.. | prefer to ask a human
and other connectors, this involved numerous il instead...”

filters and conditions. This presented inefficient
and difficult ways to get answers for

feature-focussed questions.



User persona & journey mapping

With the help of analyzed research data, we arrived at user personas that facilitated storytelling & internal
A:Z, communication. Further, we articulated journey map detailing opportunities at each step.

make new conclusions”
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Search/Explore data set Synthesize data relations Derive insights Export information
cons neeos P
Efficienty debug issues with manufacturing test data. 1 want to analyze factory data efficently.
Minimize product qualty issues proactively: Iwant g - ;
Iwant to i 9 4 Slow performance data
Maya dashboards, data availability

Adapting data for plotting
for the timeline chosen

visualizations, recording
results involve inefficient stey

SCENARIO
programming - JMP tool, Python, SQL programming, Tableau
Maya receives an email about a test \
failure that was reported for a device Data definition inconsistency

under mass production. She is asked Data-extensive tables are very often causes frustrations
to confirm the cause for the test failure.

Test Engineer

Needs are mostly different
from what visualization

libraries can offer /

Easy download data and use

helpful to see all values at with other visualization tools

once

sam
5
oceupATIoN Product Manager

Search specific data set Synthesize data relations Explore patterns & visualization Export information

Iwant
anindication that it is no more a problem”

Complexity - technical, data
secuirty, performance

4 Inefficient process, version
. Sam @ Inconsistent data specs, steep st
learning curve for tools, apps
Proactively identify and address factory issues. Product Manager data corruption issues.
@
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I
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PAIN POINTS. vendor. He is notified about a yield O documentation tools, unnecessary time &

reduction alert. He is determined to o efforts

isolate the failure and involve
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iputer progr 9 - JMP tool, Python, SQL Tableau.



The Challenge



How might we design for efficient feature-based insight
exploration with centralized data specification and support

glanceable experience alongside data-intensive dashboard?



CRITICAL USER JOURNEYS

Connecting users with their
deeper need - Goals

User Tasks Goals

As a Program manager, | want to understand failure insights efficiently so that | can take

proactive measures to avoid/detect them at latent stage

As a Program manager, | need to quickly obtain factory yield data so that | can estimate

factory infrastructure procurement needs effectively

As a Test engineer, | want to explore & debug failures efficiently so that | can ensure

factory daily yield needs are met



CONCEPT GENERATION

Brainstorming session

Within a group comprised of all our stakeholder
representatives - test engineers, PMs,
executive members, vendor company team,

we generated concepts.

These concepts were later voted and split
based on ‘Impact Vs. Effort’. We picked the top

three concepts to prototype further.
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Prototyping & design iterations



Progressive content disclosure

Finding a balance between ‘engineering centric’ view and ‘glanceable insight view

= @ Quantum Q search by Device ID, Station narme .. v a ‘ = @ Quantum QNGSereh by Devies D) Statio na e v a 0
i Top Insights Headphones - > Mario @ foxconnvn 88 Top Insights. Headphones - > Mario @ foxconn-vn
@ Station Analysis @ Station Analysis
Je— O From May3,2019 09:30pm () To May9,2019 10:30pm  © Past7days Station ~ StationID ~ Build stage ~ & e
Line type o T Agaregate yield (%)
@ aualit % Linestage ~ LineSN ~ Configuration ~ Device SN~ OrderBy + @ . Last 2 day: Last7 days o
- FUNCPROD 97.20
& Data studio I & Data Studio 2 Station name. Inital qty Pass aty Faited gty Retest aty Retest rate (%) Yield (%)
S infrastructure 2 : X : § } S infrastructure 2 PRESSMON 322 267 25 23 1503 9231 M
Date (Factory time GMT+8)  Device SN Stationname  nitial Oty Fail Oty Yield  Retestrate
G Newtpsates 2 G Newtpsates FUNC20 288 22 « 19 125 w45 v
20130528 185724 SO1IFFBAODOAA  PRESSMON a2 2 20 1503
[T send Feedback [T send Feedback ARMEAS 168 13 s 12 0 e v
2019-0528 18:57:13 96011FFBA00085 FUNC20 288 19 9245 125
@ Heip @ Heip
BTRYCHK o & n 8 588 s v
20190528 185724 GGOTIFFBADODAL  AIRMEAS 165 12 9560 969
PCCHK 2 ! 6 3 a2 w2 v
2090528 185713 96011FFBAO00SS BTRYGHK 8 8 9231 ss8
V Load 20 morerecards
190528 185724 GGOTIFFBAOODAA  PCCHK 2 3 9245 a2
Line type Loy YT Aggregate yield (%)
20190528 185713 96011FFBADOSS  TEMPS N 1 95.60 20 RELPAC 92.12
2019-05-28 18:57:24 96011FFBADOOAA TRANS_24 288 19 9231 125 Station name Initial qty Pass qty Failed qty Retest qty Retest rate (%) Yield (%)
TEMPS4 o 656 15 1 20 wn v
2019-05-28 18:57:13 '96011FFBA0008S ACCMTR 165 12 9245 9.69
TRANS 24 288 252 2 19 125 PV
20190528 18:57:24 6OTIFFBAOGOAA  KYBRDCHK 8 8 as.60 S8
ACCMTR 165 135 15 12 969 s80 v
20190528 1855713 9G0TIFFBAOOSS  WALSS 2 9245 342
KYBRDCHK 8 6 s 8 588 s v
20190528 18:57:24 9GOTIFFBAOGDAA  PCCHK 188 12 9560 4
WRLsS 8 2 3 3 242 w02 v

Total 2500 records found
N/ Load 12 more records



= @ Quantum

88 Top insights

Q  Search by ‘Device ID, Station name .."

Headphones « > Mario 0 forconnn

How best to represent relative aspects of data?

Moving away from conventional charts to explore effective ways to achieve intended outcome

v a . = @ Quantum Q_ Search by Device ID, Station name. v Jol 0

25 Top Insights Headphones - > Mario  © foxconnn

@ station Analysis

[@ Station Analysis
Unitsview v LKtest = TMP ~v  PRESSIS< v  PRTOI - Unitsview ~  LKtest ~  TMP v  PRESSISe1 v  PRTOI -
& Reliability & Reliabiity
Reliability-production analytics (Units view) Reliability-production analytics (Units view)
& bawswdo & vaastudio
PRESS_15 Maximum_20_PRESS PRESS_15 Maximum_20_PRESS
=] @ = 2]
Chart vericalimits Chart verticalimits
Chartvertical fmits (M) 7, - o — _ _ Chart vertialimits (Max) - -
” op Botiom Y e ——— ; Top Bottom Proguton —UL =L Relabity — UL 1L @ Poncion @ Reaiy
T Newlpdates 2 Top120 Botom 20320 0 T Newlpdates 2 Top120 Botom: 20320 0
[T send Feedback [ [ [ Send Feedback
— —— - — e e —
@ Help @ Heip [d [d [
° . ° . °
2 s | @@ o | o0 o o0 o | o
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frozenset((S71_83-L1_FATP-LED-CAL_ .

frozenset((2116120005))

Efficient way to analyze multi-dimensional

data insights

Facilitating efficient way to analyze multi-dimensional data (Tree view Vs. Icicle diagram)

Tree chart
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Global code

AT1Y accessibility recommendations
lang attribute:

1 <ntmilang="en">

titlo attribute:

<head>
<tile>Quantum top insights</ite>
<thead>

Side navigation:

<h6>Top insights</h6>
4 <h6>Top yield records by line type<ihé>

Additional details

“navigation" aria-label="Primary"><ui><> .. Idiv>.

Testing for accessibility

Validating with a11y recommendations for ‘voice-over’, contrast ratio checks & vision test

Product selection: Dynamically location:
5 <div ol menu" aria-lael= Y).setAttibute(‘aria-fabef, Pr )
Side nav ExpandiCollapse button:
6 " aria-abel="Expand or > . <ldiv
Data Tables
Sample table AT1Y sample changes
Screen readers scan line-by-line within tables. [<table>

Buttons/Chips

‘Sample assist chips

Last7days Last2weeks

1. Add table caption
2. Add scope markup for columns and rows

ATTY

<caption>Yield records</caption>
<thead>

th class="Zluome" scope~"col>Date<it>
<th class="TwicH" scope=col >Input Qy<Ay
<thead>
<toody>
<
<td class="sdfsdfa" scope="ron">2010-12-1
<td class="dfsdfldr>34204</1d>
Sample ibility changes

Include ffocus state for button/chip
Add descriptive aria-tabel atiribute

Date interval assist chip buttons:

<div role="toggle button" aria-label="Show ata visualization for the last 7 days">

Icon-based button to contain 48dp ciick target space

Top insights
Device production Lost 7 days
Station analysis W i pass B Secondarypass M Fal Lost 2days
) [
vied Vied | Restpus 9.4% vied Vield
86.20% 9214% 1 93.98% 97.51%
PRESSMON FUNC20 ARMEAS BTRYCHK
Top insights
Device production Last7 days
£ wm
g n
§ aom 20
& aom
e oz 14 o118 e menar
Station analysis B il pass 8 Secondarypass I8 Fail Last2days
apoes 7825
vied Vied | Restpae 8.% vield Yield
86.20% o2.14% " 124 93.98% 97.51%
v
PRESSMON FUNC20 AIRMEAS BTRYCHK

Top insights
Device production Last7 days
Protanopia
o
Station analysis W tlpass W Sccondorypass W Fail Last2days

Frstpass T82%
Vield | Rt pass 9.4%
o2.14% ™ 124

PRESSMON Func20 ARMEAS BTRYCHK
Topinsights
Device production Lost7 deys
H Deuteranopia =
™
3 e
| I 20
& 20
o1z 91114 191115 2019111 o1y
Station analysis W iistpass W Secondaypass W Fail Lost 2days
T e
vl Vied | nestps 9.4% vild vied
86.20% 92145 12 93.98% 97.51%
PRESSMON FuNC20 ARMEAS BTRYCHK



The Solution



= @ Quantum Q

B Top Insights Headphones - > Mario @ foxconn-vn
Station Analysis v
Top insights
Reliability P insig

Quality
Assuming 6d CASE and 5d FUNC build, the required capacity to meet build goal on-schedule is 600

units (60 units every hour for 10 hours everyday)
Data Studio

Infrastructure . . .
For Mario, the weekly trend indicates FUNC main yield sudden drop from 92.8% to 83% in a single day

New Updates

Send Feedback
Station COMBINE2 in build phase function is showing failure rate of 15%

Help
\/ Load 6 more results

Explore more related insights for Mario

£ From May3,2019 09:30 pm B To May9,2019 10:30pm  © Past7days

List stations - with lowest - percentage of yield

Build stage ~ Config value  ~
Q  Explore

Leveraging the power of machine learning to synthesize high-level insights that are glanceable, quick and
most-value added to users.



= @ Quantum Q

Top Insights Headphones - > Mario @ foxconn-vn

Station Analysis v

Station COMBINE2 in build phase function is showing failure rate of 15%
Reliability

Quality

/' Load 6 more results

Data Studio Explore more related insights for Mario

litrastrueture £ From May3,2019 09:30 pm B To May9,2019 10:30 pm © Past7days

7 New Updates
Li Stations I £ vield
Send FeedBacK ist ¢ owest percentageo yiel
Device history

Help
Measurements

Build  Quality records ~ “alue ~
Q_ Explore

Last 2 days Last 7 days.

FUNCPROD

Station name Initial qty P y Failed qty test %) Yield (%)

PRESSMON 322 25 92.31

FUNC20

MacBook
T ——

An intuitive, simple and conversational approach to explore manufacturing data insights. This minimized the
need for complex query filters.



Centralized data specifications & analysis

= @ Quantum Q

Top Insights Headphones - > Mario @ foxconn-vn

Station Analysis A

B From May3,2019 09:30 pm 0 To May9,2019 10:30 pm © Past 7days BTRYCHK ~ Station SN ~ Build stage ~
Test results

Testlevel ~  Configuration ~ Mode ~ Histogram Scatter plot
Devie Fow gurati O tistogiam - @ scatter

Vieldresults m

Reliabil
eliatifty Measurement status by date

Quality
Data points density (Vertical)

% Above upper limit
C
Data Studio

Infrastructure

7 New Updates
Send Feedback

Help

Measurement value

2019-03-05 2019-03-06 2019-03-07 2019-03-08 2019-03-09 2019-03-10 2019-03-11 Device count

Timeline

With consensus across multiple cross functional teams, a single spec was applied to analyze and derive
projections.



THE IMPACT

What did we accomplish?

e Daily yield (units produced) - increase by 18% overall.

e Adoption of ‘Quantum’ by other cross functional teams internally at Google - 72%
increment in page visits per week after launch.

e Saved an average of 1.5 hours for test engineers troubleshooting station issues.

e  Product returns from customers to ‘Failure analysis’ dropped by an average of 24%
overall.



