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Objective

Show
• Example of an R+D project
• Product development from idea to prototype
• Steps in the developing process
• Diversified skills needed

���� Provide insight into hands-on development

���� Share excitement of developing a new product !
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Short Bio

Work Experience:
• 1995-2002 Software Engineer for Siemens
• 2002-2006 Head of Electronics R+D, Project 

Manager, R+D Engineer for University of Technology 
• 2003-2005 Lecturer for Digital Technology

Education:
• 2002 BSEE
• 2007 MSEE (hopefully)

Skills and Interests:
Electronics, circuit design, microcontrollers, embedded
systems, firmware, measurement and test engineering
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University of Technology Zurich

• School of Engineering Bachelor Programs:
� Electrical Engineering, Computer Engineering, 

Mechanical Engineering, Civil Engineering
• School of Engineering exists since 1922
• Sister school: School of Business and Economy
• Evening and Saturday classes
• Instructors work in the field they teach
���� Similar to NPU!

• Since 1996: Department for applied R+D
• Prof. Ari (dept. head and EMC expert)
• EMC team (3 engineers)
• ICT security and reliability team (4 engineers)
• Electronics team (5 engineers)
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Gaskatel GmbH

• Project Partner
• Company based in Kassel, Germany
• Small company (10 employees)
• Development, production and distribution of

• electrochemical electrodes
• electrochemical converters
• electrochemical sensors

• Scientific consulting 
• Inventor of «Densoflex»



4

MEMBER OF THE MEMBER OF THE MEMBER OF THE MEMBER OF THE 
UNIVERSITY OF APPLIED UNIVERSITY OF APPLIED UNIVERSITY OF APPLIED UNIVERSITY OF APPLIED 
SCIENCES ZURICHSCIENCES ZURICHSCIENCES ZURICHSCIENCES ZURICH Page 7

UNIVERSITY OF TECHNOLOGY ZURICH
APPLIED RESEARCH AND DEVELOPMENT

Agenda

• Introduction

• «Densoflex» Sensor

• Data Acquisition Unit (DAU) / RS232 Interface
• Hardware
• Firmware
• Software

• «Densoflex» System

• DAU for 12 «Densoflex»

• Outlook

MEMBER OF THE MEMBER OF THE MEMBER OF THE MEMBER OF THE 
UNIVERSITY OF APPLIED UNIVERSITY OF APPLIED UNIVERSITY OF APPLIED UNIVERSITY OF APPLIED 
SCIENCES ZURICHSCIENCES ZURICHSCIENCES ZURICHSCIENCES ZURICH Page 8

UNIVERSITY OF TECHNOLOGY ZURICH
APPLIED RESEARCH AND DEVELOPMENT

What Is «Densoflex» ?

• Sensor for measuring the acid density/concentration 
of large lead acid batteries (e.g. car batteries)

• Concentration of sulphuric acid is best measure for 
the state of charge (SOC) of lead acid batteries

• Common measures of the SOC (voltage, current, 
impedance) are indirect and delayed

• Developed by German company Gaskatel GmbH

Benefit of density measurement:
• Direct measurement
• Short response time
• Can be applied while charging or discharging
• Averaged measurement across stratification
• Monitoring single battery cells
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Fields of Application

• Standby systems (power outage)
• Forklifts
• Army vehicles
• Submarines
• …
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How Does «Densoflex» Work ?

Wire connections:

1. +5V supply voltage for 
hall sensor

2. Ground

3. Hall sensor output

4. Temperature sensor 
input/output
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So Where Is the Electronics ?

• «Densoflex» is mainly mechanical
• Hall sensor and temperature sensor

���� Need for a device that
• supplies power for hall and temp. sensor
• converts analog voltages to digital signals
• calculates acid density and temperature
• sends digital data via RS232 to computer

���� Need for a software that
• shows the received data
• logs the data in a text file
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Connection Diagram
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Functional Diagram
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Parts Evaluation: Microcontroller (µC) (1)

Requirements:
• Low-cost
• At least 4 ADC channels (4 analog inputs)
• 10-bit ADC
• External VREF for ADC
• UART (Universal asynchronous receiver transmitter)
• No OTP

Nice to have:
• Data EEPROM

���� Microchip’s PIC16F688
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Parts Evaluation: Microcontroller (µC) (2)

• Pin1: +5V
• Pin2 – Pin3: Crystal oscillator
• Pin5 – Pin6: RX and TX for RS232 link
• Pin7 – Pin10: 4 ADC channels (4 analog inputs)
• Pin12: Reference voltage for ADC
• Pin14: GND
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Parts Evaluation: Other Components

• RS232 driver: HIN202ECP
• Standard voltage regulator (e.g. LM7805) with 

capacitors
• Varistor for high voltage protection
• Protection diode against wrong polarization
• Pt100 sensor driver: Constant current source, e.g. 

LM317
• Input signal protection and filter: Simple RC-filter 

and protection diodes
• Crystal oscillator for µC
• Capacitors for µC and RS232 driver
• Potentiometer to adjust VREF for µC ADC
• Resistors
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Schematic 1 (OrCAD Capture)
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Schematic 2
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PCB Layout (OrCAD Layout)

PCB = Printed Circuit Board 
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Populated PCB (Top / Bottom)
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Finished Prototype

Including
• Enclosure
• Connectors
• Template with labels
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What Is Firmware ?

• Software embedded in hardware device
• “ Tell the µC what to do”
• Firmware is downloaded to the µC and stored in 

Flash memory
• Firmware can be changed, erased and downloaded 

up to 1 million times (erase cycles)

Required tools:
• Hardware programmer

���� download hex-file to µC
• Firmware IDE (Integrated Development Environment)

���� make hex-file out of C- or assembly-code
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Hardware Programmer

• GALEP-III is an advanced 
multi-device programmer
(www.conitec.net)

• Supports more than 2,000 
devices

• Connected to a PC thru 
parallel port

• Comes with software to 
download hex-files

• No adapter needed for DIP 
devices
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Firmware IDE

• Usually different IDE for every µC family
• C-compiler or assembler?
• If firmware is not too complicated ���� assembly 

language
• For PIC16F688: free assembler “ MPLAB IDE”
• Get to know assembly language for PIC µC’s
• Write firmware
• Use assembler to convert assembly code into hex-

file
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What Is a Hex-File ?

• Every assembly language instruction has 
corresponding hex-code

• E.g.: CLRF PORTA (clear port A) = 01 85
• Hex-file is a set of hex-codes which is downloaded 

to the µC
• µC translates hex-file into binary code and executes 

binary code
• E.g.: CLRF PORTA = 01 85 = 0000 0001 1000 0101
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Firmware of DAU

Functions:
• Digitize voltages of hall and temp. sensors with 10-

bit ADC
• Get translation parameters from µC EEPROM
• Translate digital values into acid density and 

temperature by using translation parameters for the 
linear translation vnew = p1 * vold / p2 + p3

• Convert hex numbers into dec numbers
• Convert dec numbers into ASCII characters
• Send ASCII characters onto RS232 link

• Receive new translation parameters over RS232 link
• Store parameters in µC EEPROM
• Send stored parameters onto RS232 link
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Firmware – Main Loop
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What Happens with Sent RS232 Data ?

• RS232 is connected to a PC / Laptop
• Software on PC / Laptop for handling data from DAU 

over RS232 link

Software requirements:
• Sensor data reception from DAU
• Sensor data visualization
• Sensor data storage on hard disk
• Translation parameters reception from DAU
• Translation parameters visualization
• Translation parameters adjustment
• Translation parameters transfer to DAU
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Which Software ?

National Instrument’s LabVIEW:
• Software to acquire, analyze and present data
• Graphical programming
• Built-in measurement and control functions
• Has been around for 20 years
• Very famous among engineers worldwide
• Can be learned quickly and easily
• Supports most computer interfaces (e.g. RS232)
• Most applications (EXE) can be freely distributed as 

installation packages

���� DAU can be shipped with LabVIEW application 
installation package
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LabVIEW Application Front Panel
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LabVIEW Application Block Diagram
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«Densoflex» System Overview

Complete «Densoflex» system consists of:
• «Densoflex» sensor(s) with shielded cable
• Data Acquisition Unit (DAU)
• RS232 cable (NOT off-the-shelf serial cable)
• Off-the-shelf power supply
• LabVIEW application installation package
• User’s manual
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System Demonstration
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«Densoflex» System for Forklifts

Battery type:
• 2V mobile lead acid 

traction battery cells

Forklifts:
• 24V traction battery pack 

with 12 cells in container
• Cells serially connected

���� 12 «Densoflex» sensors
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Requirements

Take existing DAU and change the following:
• 12 «Densoflex» sensor inputs (instead of 2)
• 1 temperature sensor input (instead of 2)
���� µC needs at least 13 ADC channels (instead of 4)

New feature:
• Client wants simple LED display

Tasks to be performed consequently:
• Evaluate new µC
• Integrate display driver and LED display 
• Adapt schematic and layout
• Adapt µC firmware
• Adapt LabVIEW software
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1. 4-digit LED for acid density:
1250 (kg/l)

2. 4-digit LED for temperature:
- 10 (°C)

Display driver: Maxim’s MAX7219

Integrate Display Driver and LED Display
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Schematic 1
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Schematic 2
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PCB Layout
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Finished Prototype

Next steps:
• Adapt µC firmware
• Adapt LabVIEW software
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Agenda

• Introduction

• «Densoflex» Sensor

• Data Acquisition Unit (DAU) / RS232 Interface
• Hardware
• Firmware
• Software

• «Densoflex» System

• DAU for 12 «Densoflex»

• Outlook
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Project Outlook (1)

Next development step:
One client wants data transmission via GSM (SMS)

Evaluation of a simple low-cost GSM-Module:
• Controlled via existing RS232
• Featuring SIM-card slot, Antenna, RS232 connection 

and power supply
• Tri- or quad-band preferred (for use in Europe and 

North America)
• GPRS is not needed (only SMS via GSM)

� Adapt only DAU firmware
� No hardware or software changes 
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Project Outlook (2)

Looking for well-known project partners in Northern 
California who are able to

• help with the final development steps
• manufacture medium to large product series
• integrate «Densoflex» into existing systems or 

directly into batteries
• provide a marketing and distribution infrastructure

���� Suggestions and company contacts are very
welcome !

���� Take my business card !
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Thank you for your 
interest !


