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AUTOMOTIVE VEHICLE ELECTRICAL 
SYSTEM DIAGNOSTIC DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a Continuation of US. 
Ser. No. 11/511,872, ?led Aug. 29, 2006, Which is based on 
and claims the bene?t of US. provisional patent application 
Ser. No. 60/731,887, ?led Oct. 31, 2005, and also the bene?t 
of US. provisional patent application Ser. No. 60/712,322, 
?ledAug. 29, 2005, application Ser. No. 11/511,872 is also a 
Continuation-In-Part of 10/200,041, ?led Jul. 19, 2002, now 
US. Pat. No. 7,126,341 Which is a Continuation-In-Part 
10/046,659, ?led Oct. 29, 2001, now US. Pat. No. 6,909,287, 
Which is a Divisional of 09/564,740, ?led May 4, 2000, now 
US. Pat. No. 6,331,762, Which claims the bene?t of 60/132, 
622, ?led May 5, 1999, and 60/165,208, ?led Nov. 12, 1999, 
and 60/175,762, ?led Jan. 12, 2000, said application Ser. No. 
10/046,659 is also a Continuation-In-Part 09/575,627, ?led 
May 22, 2000, now US. Pat. No. 6,313,608, Which is a 
Continuation-In-Part 08/962,754, ?led Nov. 3, 1997, now 
US. Pat. No. 6,081,098, said application Ser. No. 10/200,041 
is also a Continuation-In-Part 09/816,768, ?led Mar. 23, 
2001, now US. Pat. No. 6,586,941, Which claims the bene?t 
of 60/1 92,222, ?led Mar. 27, 2000, the contents of Which are 
hereby incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to storage batteries and 
automotive vehicle electrical systems. More particularly, the 
present invention relates to testing storage batteries and auto 
motive vehicle electrical systems. 
[0003] Storage batteries are used in automotive vehicles 
containing internal combustion engines, including hybrid 
vehicles, as Well as in electric vehicles. The storage batteries 
and electrical systems of such automotive vehicles can fail 
completely or decay With time. It is desirable to identify an 
impending failure or diagnose the cause of an existing failure. 
Further, failures or symptoms related to such failures, can be 
intermittent and di?icult to identify. 
[0004] Typical diagnostic and troubling shooting tech 
niques related to storage batteries and vehicle electrical sys 
tems are performed While the vehicle is located in a shop, test 
facility or otherWise not under normal operation. Further, 
intermittent symptoms may not occur during such testing. 
[0005] Various testing techniques for storage batteries, 
vehicle electrical systems and related devices are shoWn and 
described in US. Pat. No. 3,873,911, issued Mar. 25, 1975, to 
Champlin, entitled ELECTRONIC BATTERY TESTING 
DEVICE; US. Pat. No. 3,909,708, issued Sep. 30, 1975, to 
Champlin, entitled ELECTRONIC BATTERY TESTING 
DEVICE; US. Pat. No. 4,816,768, issued Mar. 28, 1989, to 
Champlin, entitled ELECTRONIC BATTERY TESTING 
DEVICE; US. Pat. No. 4,825,170, issued Apr. 25, 1989, to 
Champlin, entitled ELECTRONIC BATTERY TESTING 
DEVICE WITH AUTOMATIC VOLTAGE SCALING; US. 
Pat. No. 4,881,038, issued Nov. 14, 1989, to Champlin, 
entitled ELECTRONIC BATTERY TESTING DEVICE 
WITH AUTOMATIC VOLTAGE SCALING TO DETER 
MINE DYNAMIC CONDUCTANCE; US. Pat. No. 4,912, 
416, issued Mar. 27, 1990, to Champlin, entitled ELEC 
TRONIC BATTERY TESTING DEVICE WITH STATE 
OF-CHARGE COMPENSATION; US. Pat. No. 5,140,269, 
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issued Aug. 18, 1992, to Champlin, entitled ELECTRONIC 
TESTER FOR ASSESSING BATTERY/CELL CAPACITY; 
US. Pat. No. 5,343,380, issued Aug. 30, 1994, entitled 
METHOD AND APPARATUS FOR SUPPRESSING TIME 
VARYING SIGNALS IN BATTERIES UNDERGOING 
CHARGING OR DISCHARGING; US. Pat. No. 5,572,136, 
issued Nov. 5, 1996, entitled ELECTRONIC BATTERY 
TESTER DEVICE; US. Pat. No. 5,574,355, issued Nov. 12, 
1996, entitled METHOD AND APPARATUS FOR DETEC 
TION AND CONTROL OF THERMAL RUNAWAY IN A 
BATTERY UNDER CHARGE; US. Pat. No. 5,585,416, 
issued Dec. 10, 1996, entitledAPPARATUS AND METHOD 
FOR STEP-CHARGING BATTERIES TO OPTIMIZE 
CHARGE ACCEPTANCE; US. Pat. No. 5,585,728, issued 
Dec. 17, 1996, entitled ELECTRONIC BATTERY TESTER 
WITH AUTOMATIC COMPENSATION FOR LOW 
STATE-OF-CHARGE; US. Pat. No. 5,589,757, issued Dec. 
31, 1996, entitled APPARATUS AND METHOD FOR 
STEP-CHARGING BATTERIES TO OPTIMIZE CHARGE 
ACCEPTANCE; US. Pat. No. 5,592,093, issued Jan. 7, 1997, 
entitled ELECTRONIC BATTERY TESTING DEVICE 
LOOSE TERMINAL CONNECTION DETECTION VIA A 
COMPARISON CIRCUIT; US. Pat. No. 5,598,098, issued 
Jan. 28, 1997, entitled ELECTRONIC BATTERY TESTER 
WITH VERY HIGH NOISE IMMUNITY; US. Pat. No. 
5,656,920, issued Aug. 12, 1997, entitled METHOD FOR 
OPTIMIZING THE CHARGING LEAD-ACID BATTER 
IES AND AN INTERACTIVE CHARGER; US. Pat. No. 
5,757,192, issued May 26, 1998, entitled METHOD AND 
APPARATUS FOR DETECTING A BAD CELL IN A 
STORAGE BATTERY; US. Pat. No. 5,821,756, issued Oct. 
13, 1998, entitled ELECTRONIC BATTERY TESTER 
WITH TAILORED COMPENSATION FOR LOW STATE 
OF CHARGE; US. Pat. No. 5,831,435, issued Nov. 3, 1998, 
entitled BATTERY TESTER FOR JIS STANDARD; US. 
Pat. No. 5,871,858, issued Feb. 16, 1999, entitled ANTI 
THEFT BATTERY; US. Pat. No. 5,914,605, issued Jun. 22, 
1999, entitled ELECTRONIC BATTERY TESTER; US. Pat. 
No. 5,945,829, issued Aug. 31, 1999, entitled MIDPOINT 
BATTERY MONITORING; US. Pat. No. 6,002,238, issued 
Dec. 14, 1999, entitled METHOD AND APPARATUS FOR 
MEASURING COMPLEX IMPEDANCE OF CELLS AND 
BATTERIES; US. Pat. No. 6,037,751, issued Mar. 14, 2000, 
entitled APPARATUS FOR CHARGING BATTERIES; US. 
Pat. No. 6,037,777, issued Mar. 14, 2000, entitled METHOD 
AND APPARATUS FOR DETERMINING BATTERY 
PROPERTIES FROM COMPLEX IMPEDANCE/ADMIT 
TANCE; US. Pat. No. 6,051,976, issued Apr. 18, 2000, 
entitled METHOD AND APPARATUS FOR AUDITING A 
BATTERY TEST; US. Pat. No. 6,081,098, issued Jun. 27, 
2000, entitled METHOD AND APPARATUS FOR CHARG 
ING A BATTERY; US. Pat. No. 6,091,245, issued Jul. 18, 
2000, entitled METHOD AND APPARATUS FOR AUDIT 
ING A BATTERY TEST; US. Pat. No. 6,104,167, issued 
Aug. 15, 2000, entitled METHOD AND APPARATUS FOR 
CHARGING A BATTERY; US. Pat. No. 6,137,269, issued 
Oct. 24, 2000, entitled METHOD AND APPARATUS FOR 
ELECTRONICALLY EVALUATING THE INTERNAL 
TEMPERATURE OF AN ELECTROCHEMICAL CELL 
OR BATTERY; US. Pat. No. 6,163,156, issued Dec. 19, 
2000, entitled ELECTRICAL CONNECTION FOR ELEC 
TRONIC BATTERY TESTER; US. Pat. No. 6,172,483, 
issued Jan. 9, 2001, entitled METHOD AND APPARATUS 
FOR MEASURING COMPLEX IMPEDANCE OF CELLS 
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AND BATTERIES; US. Pat. No. 6,172,505, issued Jan. 9, 
2001 , entitled ELECTRONIC BATTERY TESTER; US. Pat. 

No. 6,222,369, issued Apr. 24, 2001, entitled METHOD 
AND APPARATUS FOR DETERMINING BATTERY 
PROPERTIES FROM COMPLEX IMPEDANCE/ADMIT 
TANCE; US. Pat. No. 6,225,808, issued May 1, 2001, 
entitled TEST COUNTER FOR ELECTRONIC BATTERY 
TESTER; US. Pat. No. 6,249,124, issued Jun. 19, 2001, 
entitled ELECTRONIC BATTERY TESTER WITH INTER 
NAL BATTERY; US. Pat. No. 6,259,254, issued Jul. 10, 
2001, entitled APPARATUS AND METHOD FOR CARRY 
ING OUT DIAGNOSTIC TESTS ON BATTERIES AND 
FOR RAPIDLY CHARGING BATTERIES; US. Pat. No. 
6,262,563, issued Jul. 17, 2001, entitled METHOD AND 
APPARATUS FOR MEASURING COMPLEX ADMIT 
TANCE OF CELLS AND BATTERIES; US. Pat. No. 6,294, 
896, issued Sep. 25, 2001; entitled METHOD AND APPA 
RATUS FOR MEASURING COMPLEX SELF 
IMMITANCE OF A GENERAL ELECTRICAL 
ELEMENT; US. Pat. No. 6,294,897, issued Sep. 25, 2001, 
entitled METHOD AND APPARATUS FOR ELECTRONI 
CALLY EVALUATING THE INTERNAL TEMPERA 
TURE OF AN ELECTROCHEMICAL CELL OR BAT 
TERY; US. Pat. No. 6,304,087, issued Oct. 16, 2001, entitled 
APPARATUS FOR CALIBRATING ELECTRONIC BAT 
TERY TESTER; US. Pat. No. 6,310,481, issued Oct. 30, 
2001 , entitled ELECTRONIC BATTERY TESTER; US. Pat. 
No. 6,313,607, issued Nov. 6, 2001 , entitled METHOD AND 
APPARATUS FOR EVALUATING STORED CHARGE IN 
AN ELECTROCHEMICAL CELL OR BATTERY; US. Pat. 
No. 6,313,608, issued Nov. 6, 2001 , entitled METHOD AND 
APPARATUS FOR CHARGINGA BATTERY; US. Pat. No. 
6,316,914, issuedNov. 13, 2001, entitled TESTING PARAL 
LEL STRINGS OF STORAGE BATTERIES; US. Pat. No. 
6,323,650, issued Nov. 27, 2001, entitled ELECTRONIC 
BATTERY TESTER; US. Pat. No. 6,329,793, issued Dec. 
11, 2001, entitled METHOD AND APPARATUS FOR 
CHARGINGA BATTERY; US. Pat. No. 6,331,762, issued 
Dec. 18, 2001, entitled ENERGY MANAGEMENT SYS 
TEM FOR AUTOMOTIVE VEHICLE; US. Pat. No. 6,332, 
113, issued Dec. 18, 2001, entitled ELECTRONIC BAT 
TERY TESTER; US. Pat. No. 6,351,102, issued Feb. 26, 
2002, entitled AUTOMOTIVE BATTERY CHARGING 
SYSTEM TESTER; US. Pat. No. 6,359,441, issued Mar. 19, 
2002, entitled ELECTRONIC BATTERY TESTER; US. Pat. 
No. 6,363,303, issued Mar. 26, 2002, entitledALTERNATOR 
DIAGNOSTIC SYSTEM; US. Pat. No. 6,377,031, issued 
Apr. 23, 2002, entitled INTELLIGENT SWITCH FOR 
POWER MANAGEMENT; US. Pat. No. 6,392,414, issued 
May 21, 2002, entitled ELECTRONIC BATTERY TESTER; 
US. Pat. No. 6,417,669, issued Jul. 9, 2002, entitled SUP 
PRESSING INTERFERENCE IN AC MEASUREMENTS 
OF CELLS, BATTERIES AND OTHER ELECTRICAL 
ELEMENTS; US. Pat. No. 6,424,158, issued Jul. 23, 2002, 
entitled APPARATUS AND METHOD FOR CARRYING 
OUT DIAGNOSTIC TESTS ON BATTERIES AND FOR 
RAPIDLY CHARGING BATTERIES; US. Pat. No. 6,441, 
585, issued Aug. 17, 2002, entitled APPARATUS AND 
METHOD FOR TESTING RECHARGEABLE ENERGY 
STORAGE BATTERIES; US. Pat. No. 6,437,957, issued 
Aug. 20, 2002, entitled SYSTEM AND METHOD FOR 
PROVIDING SURGE, SHORT, AND REVERSE POLAR 
ITY CONNECTION PROTECTION; US. Pat. No. 6,445, 
158, issued Sep. 3, 2002, entitled VEHICLE ELECTRICAL 
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SYSTEM TESTER WITH ENCODED OUTPUT; US. Pat. 
No. 6,456,045, issued Sep. 24, 2002, entitled INTEGRATED 
CONDUCTANCE AND LOAD TEST BASED ELEC 
TRONIC BATTERY TESTER; US. Pat. No. 6,466,025, 
issued Oct. 15, 2002, entitledALTERNATOR TESTER; US. 
Pat. No. 6,465,908, issued Oct. 15, 2002, entitled INTELLI 
GENT POWER MANAGEMENT SYSTEM; US Pat. No. 
6,466,026, issued Oct. 15, 2002, entitled PROGRAM 
MABLE CURRENT EXCITER FOR MEASURING AC 
IMMITTANCE OF CELLS AND BATTERIES; US. Pat. 
No. 6,469,511, issued Nov. 22, 2002, entitled BATTERY 
CLAMP WITH EMBEDDED ENVIRONMENT SENSOR; 
US. Pat. No. 6,495,990, issued Dec. 17, 2002, entitled 
METHOD AND APPARATUS FOR EVALUATING 
STORED CHARGE IN AN ELECTROCHEMICAL CELL 
OR BATTERY; US. Pat. No. 6,497,209, issued Dec. 24, 
2002, entitled SYSTEM AND METHOD FOR PROTECT 
INGA CRANKING SUBSYSTEM; US. Pat. No. 6,507,196, 
issued Jan. 14, 2003; entitled BATTERY HAVING DIS 
CHARGE STATE INDICATION; US Pat. No. 6,534,993, 
issued Mar. 18, 2003, entitled ELECTRONIC BATTERY 
TESTER; US. Pat. No. 6,544,078, issued Apr. 8, 2003, 
entitled BATTERY CLAMP WITH INTEGRATED CUR 
RENT SENSOR; US Pat. No. 6,556,019, issued Apr. 29, 
2003, entitled ELECTRONIC BATTERY TESTER; US. Pat. 
No. 6,566,883, issued May 20, 2003, entitled ELECTRONIC 
BATTERY TESTER; US. Pat. No. 6,586,941, issued Jul. 1, 
2003, entitled BATTERY TESTER WITH DATABUS; US. 
Pat. No. 6,597,150, issued Jul. 22, 2003, entitled METHOD 
OF DISTRIBUTING JUMP-START BOOSTER PACKS; 
US. Pat. No. 6,621,272, issued Sep. 16,2003, entitled PRO 
GRAMMABLE CURRENT EXCITER FOR MEASURING 
AC IMMITTANCE OF CELLS AND BATTERIES; US. Pat. 
No. 6,623,314, issued Sep. 23, 2003, entitled KELVIN 
CLAMP FOR ELECTRICALLY COUPLING TO A BAT 
TERY CONTACT; US. Pat. No. 6,633,165, issued Oct. 14, 
2003, entitled IN-VEHICLE BATTERY MONITOR; US. 
Pat. No. 6,635,974, issued Oct. 21, 2003, entitled SELF 
LEARNING POWER MANAGEMENT SYSTEM AND 
METHOD; US. Pat. No. 6,707,303, issued Mar. 16, 2004, 
entitled ELECTRONIC BATTERY TESTER; US. Pat. No. 
6,737,831, issued May 18, 2004, entitled METHOD AND 
APPARATUS USING A CIRCUIT MODEL TO EVALU 
ATE CELL/BATTERY PARAMETERS; US. Pat. No. 6,744, 
149, issued Jun. 1, 2004, entitled SYSTEM AND METHOD 
FOR PROVIDING STEP-DOWN POWER CONVERSION 
USING AN INTELLIGENT SWITCH; US. Pat. No. 6,759, 
849, issued Jul. 6, 2004, entitled BATTERY TESTER CON 
FIGURED TO RECEIVE A REMOVABLE DIGITAL 
MODULE; US. Pat. No. 6,781,382, issued Aug. 24, 2004, 
entitled ELECTRONIC BATTERY TESTER; US. Pat. No. 
6,788,025, ?led Sep. 7, 2004, entitled BATTERY 
CHARGER WITH BOOSTER PACK; US. Pat. No. 6,795, 
782, issued Sep. 21, 2004, entitled BATTERY TEST MOD 
ULE; US. Pat. No. 6,805,090, ?led Oct. 19, 2004, entitled 
CHARGE CONTROL SYSTEM FOR A VEHICLE BAT 
TERY; US. Pat. No. 6,806,716, ?led Oct. 19, 2004, entitled 
ELECTRONIC BATTERY TESTER; US. Pat. No. 6,850, 
037, ?led Feb. 1, 2005, entitled IN-VEHICLE BATTERY 
MONITORING; US. Pat. No. 6,850,037, issued Feb. 1, 
2005, entitled IN-VEHICLE BATTERY MONITOR; US. 
Pat. No. 6,871,151, issued Mar. 22, 2005, entitled ELEC 
TRONIC BATTERY TESTER WITH NETWORK COM 
MUNICATION; US. Pat. No. 6,885,195, issued Apr. 26, 
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2005, entitled METHOD AND APPARATUS FOR AUDIT 
ING A BATTERY TEST; US. Pat. No. 6,888,468, issued 
May 3, 2005, entitled APPARATUS AND METHOD FOR 
PROTECTING A BATTERY FROM OVERDISCHARGE; 
US. Pat. No. 6,891,378, issued May 10, 2005, entitled 
ELECTRONIC BATTERY TESTER; US. Pat. No. 6,906, 
522, issued Jun. 14, 2005, entitled BATTERY TESTER 
WITH BATTERY REPLACEMENT OUTPUT; US. Pat. 
No. 6,906,523, issued Jun. 14, 2005, entitled METHODAND 
APPARATUS FOR TESTING CELLS AND BATTERIES 
EMBEDDED IN SERIES/PARALLEL SYSTEMS; US. 
Pat. No. 6,909,287, issued Jun. 21, 2005, entitled ENERGY 
MANAGEMENT SYSTEM WITH AUTOMOTIVE 
VEHICLE; US. Pat. No. 6,914,413, issued Jul. 5, 2005, 
entitled ALTERNATOR TESTER WITH ENCODED OUT 
PUT; US Pat. No. 6,913,483, issued Jul. 5, 2005, entitled 
CABLE FOR ELECTRONIC BATTERY TESTER; US. Pat. 
No. 6,930,485, issuedAug. 16, 2005, entitled ELECTRONIC 
BATTERY TESTER WITH BATTERY FAILURE TEM 
PERATURE DETERMINATION; US. Pat. No. 6,933,727, 
issued Aug. 23, 2005, entitled ELECTRONIC BATTERY 
TESTER CABLE, US. Pat. No. 6,941,234, ?led Sep. 6, 
2005, entitled QUERY BASED ELECTRONIC BATTERY 
TESTER; US. Pat. No. 6,967,484, issued Nov. 22, 2005, 
entitled MODULAR BATTERY TESTER FOR SCAN 
TOOL; US. Pat. No. 6,998,847, issued Feb. 14, 2006, entitled 
ELECTRONIC BATTERY TESTER WITH DATA BUS 
FOR REMOVABLE MODULE, US. Pat. No. 7,003,410, 
issued Feb. 21, 2006, entitled ELECTRONIC BATTERY 
TESTER WITH RELATIVE TEST OUTPUT, US. Pat. No. 
7,003,411, issued Feb. 21, 2006, entitled ELECTRONIC 
BATTERY TESTER WITH NETWORK COMMUNICA 
TION, US. Pat. No. 7,012,433, ISSUED Mar. 14, 2006, 
entitled BATTERY TESTER UPGRADE USING SOFT 
WARE KEY, US Pat. No. 7,015,674, issued Mar. 21, 2006, 
entitled BOOSTER PACK WITH STORAGE CAPACITOR, 
US. Pat. No. 7,034,541, issued Apr. 25, 2006, entitled 
QUERY BASED ELECTRONIC BATTERY TESTER, US. 
Pat. No. 7,039,533, issued May 2, 2006, entitled BATTERY 
TESTER MODULE, US. Pat. No. 7,058,525, issued Jun. 6, 
2006, entitled BATTERY TESTER MODULE, US. Pat. No. 
7,081,755, issued Jul. 25, 2006, entitled BATTERY TEST 
CAPABLE OF PREDICTING A DISCHARGE VOLTAGE/ 
DISCHARGE CURRENT OF A BATTERY; U.S. Ser. No. 
09/780,146, ?led Feb. 9, 2001, entitled STORAGE BAT 
TERY WITH INTEGRAL BATTERY TESTER; U.S. Ser. 
No. 09/756,638, ?led Jan. 8, 2001, entitled METHOD AND 
APPARATUS FOR DETERMINING BATTERY PROPER 
TIES FROM COMPLEX IMPEDANCE/ADMITTANCE; 
U.S. Ser. No. 09/862,783, ?led May 21, 2001, entitled 
METHOD AND APPARATUS FOR TESTING CELLS 
AND BATTERIES EMBEDDED IN SERIES/PARALLEL 
SYSTEMS; U.S. Ser. No. 09/880,473, ?led Jun. 13, 2001; 
entitled BATTERY TEST MODULE; U.S. Ser. No. 09/ 993, 
468, ?led Nov. 14, 2001, entitled KELVIN CONNECTOR 
FORA BATTERY POST; U.S. Ser. No. 10/042,451, ?led Jan. 
8, 2002, entitled BATTERY CHARGE CONTROL 
DEVICE; U.S. Ser. No. 10/109,734, ?led Mar. 28, 2002, 
entitled APPARATUS AND METHOD FOR COUNTER 
ACTING SELF DISCHARGE INA STORAGE BATTERY; 
U.S. Ser. No. 10/112,998, ?led Mar. 29, 2002, entitled BAT 
TERY TESTER WITH BATTERY REPLACEMENT OUT 
PUT; U.S. Ser. No. 10/200,041, ?led Jul. 19, 2002, entitled 
AUTOMOTIVE VEHICLE ELECTRICAL SYSTEM 
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DIAGNOSTIC DEVICE; U.S. Ser. No. 10/263,473, ?led 
Oct. 2, 2002, entitled ELECTRONIC BATTERY TESTER 
WITH RELATIVE TEST OUTPUT; U.S. Ser. No. 10/310, 
385, ?led Dec. 5, 2002, entitled BATTERY TEST MODULE; 
U.S. Ser. No. 10/462,323, ?led Jun. 16, 2003, entitled ELEC 
TRONIC BATTERY TESTER HAVING A USER INTER 
FACE TO CONFIGURE A PRINTER; U.S. Ser. No. 10/ 653, 
342, ?led Sep. 2, 2003, entitled ELECTRONIC BATTERY 
TESTER CONFIGURED TO PREDICT A LOAD TEST 
RESULT; U.S. Ser. No. 10/656,526, ?led Sep. 5, 2003, 
entitled METHOD AND APPARATUS FOR MEASURING 
A PARAMETER OF A VEHICLE ELECTRICAL SYS 
TEM; U.S. Ser. No. 10/441,271, ?led May 19, 2003, entitled 
ELECTRONIC BATTERY TESTER; U.S. Ser. No. 09/ 653, 
963, ?led Sep. 1, 2000, entitled SYSTEM AND METHOD 
FOR CONTROLLING POWER GENERATION AND 
STORAGE; U.S. Ser. No. 10/174,110, ?led Jun. 18, 2002, 
entitled DAYTIME RUNNING LIGHT CONTROL USING 
AN INTELLIGENT POWER MANAGEMENT SYSTEM; 
U.S. Ser. No. 10/258,441, ?led Apr. 9, 2003, entitled CUR 
RENT MEASURING CIRCUIT SUITED FOR BATTER 
IES; U.S. Ser. No. 10/705,020, ?led Nov. 11, 2003, entitled 
APPARATUS AND METHOD FOR SIMULATINGA BAT 
TERY TESTER WITH A FIXED RESISTANCE LOAD; 
U.S. Ser. No. 10/681,666, ?led Oct. 8, 2003, entitled ELEC 
TRONIC BATTERY TESTER WITH PROBE LIGHT; U.S. 
Ser. No. 10/748,792, ?led Dec. 30, 2003, entitled APPARA 
TUS AND METHOD FOR PREDICTING THE REMAIN 
ING DISCHARGE TIME OF A BATTERY; U.S. Ser. No. 
10/783,682, ?led Feb. 20, 2004, entitled REPLACEABLE 
CLAMP FOR ELECTRONIC BATTERY TESTER; U.S. 
Ser. No. 10/791,141, ?led Mar. 2, 2004, entitled METHOD 
AND APPARATUS FOR AUDITING A BATTERY TEST; 
U.S. Ser. No. 10/ 823,140, ?ledApr. 13, 2004, entitled THEFT 
PREVENTION DEVICE FOR AUTOMOTIVE VEHICLE 
SERVICE CENTERS; U.S. Ser. No. 10/864,904, ?led Jun. 9, 
2004, entitled ALTERNATOR TESTER; U.S. Ser. No. 
10/867,385, ?led Jun. 14, 2004, entitled ENERGY MAN 
AGEMENT SYSTEM FOR AUTOMOTIVE VEHICLE; 
U.S. Ser. No. 10/896,835, ?led Jul. 22, 2004, entitled 
BROAD-BAND LOW-INDUCTANCE CABLES FOR 
MAKING KELVIN CONNECTIONS TO ELECTRO 
CHEMICAL CELLS AND BATTERIES; U.S. Ser. No. 
10/ 896,834, ?led Jul. 22, 2004, entitled ELECTRONIC BAT 
TERY TESTER; U.S. Ser. No. 10/897,801, ?led Jul. 23, 
2004, entitled SHUNT CONNECTION TO A PCB FOR AN 
ENERGY MANAGEMENT SYSTEM EMPLOYED IN AN 
AUTOMOTIVE VEHICLE; U.S. Ser. No. 10/958,821, ?led 
Oct. 5, 2004, entitled IN-VEHICLE BATTERY MONITOR; 
U.S. Ser. No. 10/958,812, ?led Oct. 5, 2004, entitled SCAN 
TOOL FOR ELECTRONIC BATTERY TESTER; U.S. Ser. 
No. 11/008,456, ?led Dec. 9, 2004, entitled APPARATUS 
AND METHOD FOR PREDICTING BATTERY CAPAC 
ITY AND FITNESS FOR SERVICE FROM A BATTERY 
DYNAMIC PARAMETER AND A RECOVERY VOLTAGE 
DIFFERENTIAL, U.S. Ser. No. 60/587,232, ?led Dec. 14, 
2004, entitled CELLTRON ULTRA, U.S. Ser. No. 11/018, 
785, ?led Dec. 21, 2004, entitled WIRELESS BATTERY 
MONITOR; U.S. Ser. No. 60/653,537, ?led Feb. 16, 2005, 
entitled CUSTOMER MANAGED WARRANTY CODE; 
U.S. Ser. No. 11/063,247, ?led Feb. 22, 2005, entitled ELEC 
TRONIC BATTERY TESTER OR CHARGER WITH 
DATABUS CONNECTION; U.S. Ser. No. 60/ 665,070, ?led 
Mar. 24, 2005, entitled OHMMETER PROTECTION CIR 
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CUIT; U.S. Ser. No. 11/141 ,234, ?led May 31,2005, entitled 
BATTERY TESTER CAPABLE OF IDENTIFYING 
FAULTY BATTERY POST ADAPTERS; U.S. Ser. No. 
11/143,828, ?led Jun. 2, 2005, entitled BATTERY TEST 
MODULE; U.S. Ser. No. 11/146,608, ?led Jun. 7, 2005, 
entitled SCAN TOOL FOR ELECTRONIC BATTERY 
TESTER; U.S. Ser. No. 60,694,199, ?led Jun. 27, 2005, 
entitled GEL BATTERY CONDUCTANCE COMPENSA 
TION; U.S. Ser. No. 11/178,550, ?led Jul. 11, 2005, entitled 
WIRELESS BATTERY TESTER/CHARGER; U.S. Ser. No. 
60/705,389, ?led Aug. 4, 2005, entitled PORTABLE TOOL 
THEFT PREVENTION SYSTEM, U.S. Ser. No. 11/207, 
419, ?led Aug. 19, 2005, entitled SYSTEM FOR AUTO 
MATICALLY GATHERING BATTERY INFORMATION 
FOR USE DURING BATTERY TESTER/CHARGING, 
U.S. Ser. No. 60/712,322, ?led Aug. 29, 2005, entitled 
AUTOMOTIVE VEHICLE ELECTRICAL SYSTEM 
DIAGNOSTIC DEVICE, U.S. Ser. No. 60/713,169, ?led 
Aug. 31, 2005, entitled LOAD TESTER SIMULATION 
WITH DISCHARGE COMPENSATION, U.S. Ser. No. 
60/731,881, ?led Oct. 31, 2005, entitled PLUG-IN FEA 
TURES FOR BATTERY TESTERS; U.S. Ser. No. 60/731, 
887, ?led Oct. 31, 2005, entitled AUTOMOTIVE VEHICLE 
ELECTRICAL SYSTEM DIAGNOSTIC DEVICE; U.S. 
Ser. No. 11/304,004, ?led Dec. 14, 2005, entitled BATTERY 
TESTER THAT CALCULATES ITS OWN REFERENCE 
VALUES; U.S. Ser. No. 60/751,853, ?led Dec. 20, 2005, 
entitled BATTERY MONITORING SYSTEM; U.S. Ser. No. 
11/304,004, ?led Dec. 14, 2005, entitled BATTERY 
TESTER WITH CALCULATES ITS OWN REFERENCE 
VALUES; U.S. Ser. No. 60/751,853, ?led Dec. 20, 2005, 
entitled BATTERY MONITORING SYSTEM; U.S. Ser. No. 
11/352,945, ?led Feb. 13, 2006, entitled BATTERY 
TESTERS WITH SECONDARY FUNCTIONALITY; U.S. 
Ser. No. 11/356,299, ?led Feb. 16, 2006, entitled CEN 
TRALLY MONITORED SALES OF STORAGE BATTER 
IES; U.S. Ser. No. 11/356,436, ?eld Feb. 16, 2006, entitled 
ELECTRONIC BATTERY TESTER WITH RELATIVE 
TEST OUTPUT; U.S. Ser. No. 11/356,443, ?led Feb. 16, 
2006, entitled ELECTRONIC BATTERY TESTER WITH 
NETWORK COMMUNICATION; U.S. Ser. No. 11/410, 
263, ?led Apr. 24, 2006, entitled QUERY BASED ELEC 
TRONIC BATTERY TESTER; Which are incorporated 
herein in their entirety. 

SUMMARY OF THE INVENTION 

[0006] An automotive vehicle electrical system diagnostic 
apparatus includes a ?rst electrical connection con?gured to 
electrically couple to a ?rst terminal of a battery of an auto 
motive vehicle and a second electrical connection con?gured 
to electrically couple to electrical Wiring of the automotive 
vehicle. The ?rst and second electrical connections are con 
?gured to connect With the battery and the electrical system of 
the automotive vehicle. Digital sample circuitry is coupled to 
the connections and is con?gured to provide a plurality of 
digital samples during operation of the vehicle Which are 
related to the electrical system and/or storage battery. A 
memory is con?gured to store the plurality of digital samples. 
A method is also provided along With techniques to subse 
quently analyZe the collected samples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a simpli?ed block diagram shoWing a 
battery monitor in a vehicle in accordance With one embodi 
ment of the present invention. 
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[0008] FIG. 2 is a more detailed schematic diagram shoW 
ing the battery monitor of FIG. 1. 
[0009] FIG. 3 is a simpli?ed block diagram shoWing steps 
in performing diagnostics in accordance With one aspect of 
the present invention. 
[0010] FIG. 4 is a simpli?ed block diagram shoWing steps 
in collecting data for use With the present invention. 
[0011] FIG. 5 is a simpli?ed block diagram Which illus 
trates performing diagnostics on a starter motor of the vehicle 
of FIG. 1. 
[0012] FIG. 6 is a simpli?ed block diagram shoWing steps 
related to adjusting the charging pro?le for charging the bat 
tery of the vehicle of FIG. 1. 
[0013] FIG. 7 is a graph Which illustrates one sample curve 
of regulator voltage output versus state of charge for the 
battery of FIG. 1. 
[0014] FIG. 8 is a simpli?ed block diagram of a vehicle 
including a diagnostic device temporarily coupled to the elec 
trical system of the vehicle. 
[0015] FIG. 9 is a diagram shoWing the connection of the 
diagnostic device of FIG. 8 to the vehicle electrical system. 
[0016] FIG. 10 is a vieW of an example data logger in 
accordance With the invention. 
[0017] FIGS. 11 and 12 are graphs shoWing the display of 
logged data on a PC. 
[0018] FIG. 13 is a block diagram shoWing a diagnostic 
device in accordance With one aspect of the invention. 
[0019] FIG. 14 is a simpli?ed block diagram ofa personal 
computer system used for displaying or analyZing data 
logged from an automotive vehicle. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] The present invention includes an apparatus and 
method for testing a battery and/or electrical system of an 
automotive vehicle using a diagnostic device Which is tem 
porarily coupled to the electrical system of the vehicle. While 
the device is coupled to the vehicle, the vehicle can be driven 
such that data can be collected While the vehicle undergoes 
normal operation. The diagnostic device is removed from the 
vehicle after the testing period and during normal operation. 
Data collected by the diagnostic device While testing can then 
be ob served or otherWise analyZed in order to identify failures 
or symptoms of failures in the electrical system and/orbattery 
of the vehicle. 
[0021] FIG. 1 is a simpli?ed block diagram shoWing an 
automotive vehicle 10 Which includes a battery monitor 12 in 
accordance With one embodiment of the present invention. 
Vehicle 10 includes vehicle loads 14 Which are shoWn sche 
matically as an electrical resistance. A battery 18 is coupled to 
the vehicle load 14 and to an alternator 20. Alternator 20 
couples to an engine of the vehicle 10 and is used to charge 
battery 18 and provide poWer to loads 14 during operation. 
[0022] In general, automotive vehicles include electrical 
systems Which can be poWered When the engine of the vehicle 
operates a generator, or alternator. HoWever, When the engine 
is not running, a battery in the vehicle is typically used to 
poWer the system. Thus, the standard generator system in a 
vehicle serves tWo purposes. The generator is used to supply 
poWer to the vehicle loads, such as lights, computers, radios, 
defrosters and other electrical accessories. Further, the gen 
erator is used to recharge the battery such that the battery can 
be used to start the vehicle and such that the battery may 
poWer the electrical accessories When the engine is not run 
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ning. Some vehicles do not include internal combustion 
engines and are completely operated by electrical poWer. 
[0023] A standard generator system typically consists of a 
three phase AC alternator coupled to the engine by a belt or a 
shaft, recti?cation diodes and a voltage regulator. These com 
ponents may exist separately or be part of an integral unit and 
are typically, someWhat inaccurately, referred to as an “alter 
nator”. The voltage regulator is con?gured such that a con 
stant voltage is supplied by the charging system, regardless of 
the current being draWn by the electrical system. The actual 
load applied to the generator system varies depending upon 
the number of accessories that are activated and the current 
required to recharge the battery. Typical values for the voltage 
regulator output are betWeen 13.5 and 15.5 volts, depending 
upon the vehicle manufacturer and particular battery chem 
istry. Further, the voltage on a speci?c vehicle can also be 
compensated for ambient temperature. 
[0024] This prior art approach has a number of draW backs. 
The output voltage of the generator must be selected to be 
high enough to rapidly charge the battery under any condition 
and regardless of the state of charge of the battery. Electrical 
loads on the vehicle are designed to operate at 12.6 volts, the 
voltage provided by the battery When the engine is sWitched 
off. HoWever, these electrical loads must also operate at the 
higher voltage supplied When the generator system is on. This 
higher voltage Which is impressed upon the electrical system 
causes higher I2R (resistive) losses in the loads due to the 
increased voltage level. This Wastes energy and causes the 
components to heat. This results in reduced life of the elec 
trical circuitry, higher operating temperatures and Wasted 
energy Which must ultimately come from the primary fuel 
source used to operate the engine. 
[0025] The high voltage across the battery is necessary 
When the battery’s state of charge is loW in order to rapidly 
recharge the battery. HoWever, When the battery’s state of 
charge is Within an acceptable range (Which occurs most of 
the time at normal driving speeds), the high voltage across the 
battery results in high I2R (resistive heating) losses Within the 
battery resulting in Waste of energy, heating of the battery 
causing premature battery failure, gassing of the battery also 
resulting in premature failure and heating of electrical com 
ponents causing premature component failure. 
[0026] One aspect of the present invention includes the 
recognition of the aforementioned problems associated With 
prior art battery charging techniques. In one aspect of the 
present invention, a battery charging system controller is 
provided Which monitors the condition of the battery under 
charge and controls the charging system in response to the 
condition of the battery. With such general aspects of the 
invention, the particular implementation of the battery moni 
tor and charge control can be selected as appropriate. 

[0027] In the embodiment illustrated in FIG. 1, battery 
monitor 12 includes a microprocessor 22 coupled to a voltage 
sensor 24, a current sensor 26 and a forcing function 28. 
Microprocessor 22 may also include one or more inputs and 
outputs illustrated as I/O 30 adapted to couple to an external 
databus or to an internal databus associated With the vehicle 
10. Further, a user input/output (I/O) 32 is provided for pro 
viding interaction With a vehicle operator. In one embodi 
ment, microprocessor 22 is coupled to alternator 20 to pro 
vide a control output 23 to altemator 20 in response to inputs, 
alone or in various functional combinations, from current 
sensor 26, voltage sensor 24 and forcing function 28. In one 
embodiment, the control output 23 is con?gured to control 
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altemator 20 such that a nominal voltage output from alter 
nator 20 is 12.6 volts, typical of the nominal open-circuit 
voltage of the battery 18. Further, microprocessor 22 can raise 
the output voltage from altemator 20 in accordance With an 
inverse relationship to the state of charge of battery 18. This 
can be con?gured such that alternator 20 only charges battery 
18 When necessary, and only charges battery 18 as much as is 
necessary. This charging technique can increase battery life, 
loWer component temperature of loads 14, increase the 
lifespan of loads 14 and save fuel. This con?guration provides 
a feedback mechanism in Which the state of charge of battery 
18 is used to control the charging of battery 18. The battery 
monitor 12 is easily installed in a vehicle electrical system. A 
single shunt current sensor 26 must be inserted in one of the 
primary battery cables and a control line provided to alloW 
control of altemator 20. The control can be by simply adjust 
ing the voltage supplied to a voltage regulator of altemator 20 
to thereby control charging of battery 18. The battery monitor 
12 can be a separate, self-su?icient and self-contained moni 
tor Which operates Without requiring interaction With other 
components of the vehicle, except in some embodiment, 
altemator 20. 

[0028] FIG. 1 also illustrates a Kelvin connection formed 
by connections 36A and 36B to battery 18. With such a Kelvin 
connection, tWo couplings are provided to the positive and 
negative terminals of battery 18. This alloWs one of the elec 
trical connections on each side of the battery to carry large 
amounts of current While the other pair of connections can be 
used to obtain accurate voltage readings. Because substan 
tially no current is ?oWing through the voltage sensor 24, 
there Will be little voltage drop through the electrical connec 
tion betWeen sensor 24 and battery 18 thereby providing more 
accurate voltage measurements. In various embodiments, the 
forcing function 28 can be located physically proximate bat 
tery 18 or be connected directly to battery 18. In other 
embodiments, the forcing function 28 is located anyWhere 
Within the electrical system of vehicle 10. In one aspect, the 
present invention includes an in-vehicle battery monitor 12 
Which couples to battery 18 through a Kelvin connection and 
further may optionally include a current sensor 26 and may be 
capable of monitoring battery condition While the engine of 
vehicle 12 is operated, loads 14 are turned on and/or altemator 
20 is providing a charge signal output to charge battery 18. In 
one particular embodiment, the combination of the Kelvin 
connection formed by connections 36A and 36B along With a 
separate current sensor 26 connected in series With the elec 
trical system of the vehicle 10 is provided and alloWs moni 
toring of the condition of battery 18 during operation of 
vehicle 10. The use of an current sensor 26 is used to provide 
a monitor of the total current I T ?oWing through battery 18. 

[0029] In operation, microprocessor 22 is capable of mea 
suring a dynamic parameter of battery 18. As used herein, a 
dynamic parameter includes any parameter of battery 18 
Which is measured as a function of a signal having an AC or 
transient component. Examples of dynamic parameters 
include dynamic resistance, conductance, admittance, 
impedance or their combinations. In various aspects of the 
invention, this measurement can be correlated, either alone or 
in combination With other measurements or inputs received 
by microprocessor 22, to the condition or status of battery 18. 
This correlation can be through testing of various batteries 
and may be through the use of a lookup table or a functional 
relationship such as a characterization curve. The relationship 
can also be adjusted based upon battery construction, type, 
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size or other parameters of battery 18. Examples of various 
testing techniques are described in the following references 
Which are incorporated herein by reference US. Pat. No. 
3,873,911, issued Mar. 25, 1975, to Champlin, entitled 
ELECTRONIC BATTERY TESTING DEVICE; US. Pat. 
No. 3,909,708, issued Sep. 30, 1975, to Champlin, entitled 
ELECTRONIC BATTERY TESTING DEVICE; US. Pat. 
No. 4,816,768, issued Mar. 28, 1989, to Champlin, entitled 
ELECTRONIC BATTERY TESTING DEVICE; US. Pat. 
No. 4,825,170, issued Apr. 25, 1989, to Champlin, entitled 
ELECTRONIC BATTERY TESTING DEVICE WITH 
AUTOMATIC VOLTAGE SCALING; US. Pat. No. 4,881, 
038, issued Nov. 14, 1989, to Champlin, entitled ELEC 
TRONIC BATTERY TESTING DEVICE WITH AUTO 
MATIC VOLTAGE SCALING TO DETERMINE 
DYNAMIC CONDUCTANCE; US. Pat. No. 4,912,416, 
issued Mar. 27, 1990, to Champlin, entitled ELECTRONIC 
BATTERY TESTING DEVICE WITH STATE-OF 
CHARGE COMPENSATION; US. Pat. No. 5,140,269, 
issued Aug. 18, 1992, to Champlin, entitled ELECTRONIC 
TESTER FOR ASSESSING BATTERY/CELL CAPACITY; 
US. Pat. No. 5,343,380, issued Aug. 30, 1994, entitled 
METHOD AND APPARATUS FOR SUPPRESSING TIME 
VARYING SIGNALS IN BATTERIES UNDERGOING 
CHARGING OR DISCHARGING; US. Pat. No. 5,572,136, 
issued Nov. 5, 1996, entitled ELECTRONIC BATTERY 
TESTER WITH AUTOMATIC COMPENSATION FOR 
LOW STATE-OF-CHARGE; US. Pat. No. 5,574,355, issued 
Nov. 12, 1996, entitled METHOD AND APPARATUS FOR 
DETECTION AND CONTROL OF THERMAL RUN 
AWAY IN A BATTERY UNDER CHARGE; US Pat. No. 
5,585,728, issued Dec. 17, 1996, entitled ELECTRONIC 
BATTERY TESTER WITH AUTOMATIC COMPENSA 
TION FOR LOW STATE-OF-CHARGE; US. Pat. No. 
5,592,093, issued Jan. 7, 1997, entitled ELECTRONIC BAT 
TERY TESTING DEVICE LOOSE TERMINAL CONNEC 
TION DETECTION VIAA COMPARISON CIRCUIT; US. 
Pat. No. 5,598,098, issued Jan. 28, 1997, entitled ELEC 
TRONIC BATTERY TESTER WITH VERY HIGH NOISE 
IMMUNITY; US. Pat. No. 5,757,192, issued May 26, 1998, 
entitled METHOD AND APPARATUS FOR DETECTING 
A BAD CELL IN A STORAGE BATTERY; US. Pat. No. 
5,821,756, issued Oct. 13, 1998, entitled ELECTRONIC 
BATTERY TESTER WITH TAILORED COMPENSATION 
FOR LOW STATE-OF-CHARGE; US. Pat. No. 5,831,435, 
issued Nov. 3, 1998, entitled BATTERY TESTER FOR JIS 
STANDARD; US. Pat. No. 5,914,605, issued Jun. 22, 1999, 
entitled ELECTRONIC BATTERY TESTER; US. Pat. No. 
5,945,829, issued Aug. 31, 1999, entitled MIDPOINT BAT 
TERY MONITORING; US. Pat. No. 6,002,238, issued Dec. 
14, 1999, entitled METHOD AND APPARATUS FOR 
MEASURING COMPLEX IMPEDANCE OF CELLS AND 
BATTERIES; US. Pat. No. 6,037,777, issued Mar. 14, 2000, 
entitled METHOD AND APPARATUS FOR DETERMIN 
ING BATTERY PROPERTIES FROM COMPLEX IMPED 
ANCE/ADMITTANCE; and US. Pat. No. 6,051,976, issued 
Apr. 18, 2000, entitled METHOD AND APPARATUS FOR 
AUDITING A BATTERY TEST. 

[0030] In the speci?c embodiment illustrated in FIG. 1, the 
forcing function is a function Which applies a signal having an 
AC or transient component to battery 18. The forcing function 
can be through the application of a load Which provides a 
desired forcing function in Which current is draWn from bat 
tery 18, or can be through active circuitry in Which a current 
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is injected into battery 18. This results in a current labeled I F 
in FIG. 1. The total current, IT through battery 18 is due to 
both the forcing function current I F and the current ?oWing 
through loads 14, I L. Current sensor 26 is positioned to sense 
the total current I L. One example battery dynamic parameter, 
the dynamic conductance (or reciprocally the battery resis 
tance) can be calculated as: 

A61 VIAIZ/AV EQ. 1 

Where AV is the change in voltage measured across the bat 
tery 18 by voltage sensor 24 and AIT is the change in total 
current measured ?oWing through battery 18 using current 
sensor 26. Note that Equation 1 uses current and voltage 
differences. In one embodiment, the change in voltage and 
change in current are measured over a period of 12.5 seconds 
and at a rate of 50 msec to thereby provide a total of 20 
readings for AV and AIT every second. The forcing function 
28 is provided in order to ensure that the current through 
battery 18 changes With time. HoWever, in one embodiment, 
changes in I L due to loads 14 or the output from alternator 20 
can be used alone such that AITIAIL and the forcing function 
28 is not required. 
[0031] In one embodiment, the voltage and current sensors 
provide synchroniZed operation, Within one microsecond, 
and are substantially immune to measurement errors due to 
netWork propagation delays or signal line inductance. Fur 
thermore, microprocessor 22 can detect a failure of the volt 
age regulator and alternator 20 if the voltage output exceeds 
or drops beloW predetermined threshold levels. This informa 
tion can be provided to an operator through user interface 32, 
for example, a “service regulator soon” indication. 
[0032] A temperature sensor 37 is provided Which can be 
coupled directly to one of the terminals of the battery 18 for 
measuring battery temperature. The temperature sensor 37 
can be used in determining the condition of the battery, as 
battery condition is a function of temperature and can be used 
in estimating the amount of poWer Which Will be required to 
start the engine of the vehicle. Any type of temperature sensor 
can be used, for example, a thermistor, thermocouple, RID, 
semiconductor or other temperature sensor. 

[0033] In one embodiment, current sensor 26 comprises a 
resistance shunt of 250 uohms and current through the shunt 
is determined by measuring the voltage drop across the shunt. 
HoWever, other types of current measurement techniques can 
also be used such as Hall Effect sensors or through an induc 
tance probe. The change of voltage across the battery and the 
resultant change in current through the battery is sampled 
using, for example, one or more analog to digital converters. 
This information can be correlated to determine the total 
capacity, such as the total Cold Cranking Amp (CCA) capac 
ity of the battery. 
[0034] Note that during the measurement cycle, vehicle 
loads 14 may be applied unexpectedly causing noise to be 
present in the measurements. One technique Which might be 
considered to reduce the noise is to discard those samples 
Which are outside of a predetermined or adjustable WindoW or 
are outside of the dynamic range of the analog to digital 
converter. HoWever, quite unexpectedly it has been found that 
the accuracy of measurements can be increased by increasing 
the dynamic range of the analog to digital converters, at the 
expense of the accuracy of the samples obtained from the 
converter. By averaging all of the samples, even those Which 
are statistically large or small relative to other samples, the 
present invention is capable of providing accurate voltage and 
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